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This invention is in the field of biochemical engineering, 
particularly, the invention concerns improved pharmaceutical 



cs-Toesitiors o* biologically active recombinant beta-i nterf eron (IFN- 
£} protein which is suitable for , therapeutic administration to 
humans. Further, the invention concerns an imoroved process for 
preparing and formulating such IFN-s compositions. 



Naturally occurring interferons (IFNs) are species-specific 
proteins, often glycoproteins, produced by various cells upon 
induction with viruses, double stranded RNAs, other polynucleotides, 
antigens and mitogens. Interferons exhibit multiple biological 
activities such as antiviral, antiproliferative, inmunonodul atory and 
anticellular functions. At least three distinct types of human' 
interferons have been identified and characterized in terms of their 
anti-viral, anti-growth and activation of natural killer cell (NK) 
activities. They are produced by leukocytes, lymphocytes, fibroblasts 
and the immune system and are classified as a, s ana y interferons. 
These are reported to be different proteins codec for by distinct 
structural genes. 

Native human = -i nterf eron (Hu:FN-£) is generally Droduced by 
superinducing human fibroblast cultures with poly-IC (poly- 
riboinosinic acid and polyribocytidyl ic acid) and isolating and 
purifying the HuIFN-a thus produced by chromatographic and 
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electrophoretic techniques. Proteins or polypeptides which exhibit 
native 6-interferon may also be produced using recombinant DNA 
technology by extracting poly-A-rich 12S messenger RNA from vi rally 
induced human cells, synthesizing double-stranded c-DNA using the m- 
5 RNA as a template, introducing the c-DNA into an appropriate cloning 
vector, transforming suitable microorganisms with the vector, 
harvesting the barteria and extracting the HIFN-s therefrom. Nagola, 
S. et al., Natur e, 284:316 (1980); Goeddel , D.V. et al . , Nature , 
287:411 (1980); Yelverton, E. et al. f Nuc. Acid Res. , 9; 731 (1981); 
10 Streuli, M. et al . , Proc. Nat'l. Acad. Sci. (U.S.), 78:2848 (1981); 
European P*t. Application Numbers 28033, published May 6, 1981; 
321134, published July 15, 1981; 34307 published August 26, 1981; and 
Belgian Patent 837397, issued July 1, 1981 describe various currently 
used methods for the production of 6-interferon employing recombinant 
15 DNA techniques. The expressed proteins or polypeptides have been 
purified and tested and have been found to exhibit properties similar 
to those of native IFNs. Bacterially produced IFNs thus appear to 
have potential therapeutic use as antiviral and anti -tumor agents and 
the production of IFNs by such bacterial fermentations .is expected to 
20 yield sufficiently large quantities of I FN at a relatively low cost of 
clinical testing. 

Further, HuIFN-s genes have been altered by, for example, 
oligonucleotide-di rected mutagenesis to produce IFN-s protein analogs 
thereof, such as the human recombinant cystei ne-depl eted or cysteine- 
25 replaced interferon-* analogs (muteins) disclosed in U.S. Patent No. 
4,588,585 issued May 13, 1986 to Mark et al . Specifically disclosed 
1n that patent is the recombinant IFN-s mufein wherein the cysteine at 
position 17 is replaced by a neutral amino acid such as serine. The 
latter IFN-s mutein is I FN -6 serl7 - 

30 Procedures for recovering and purifying bacterially produced 

IFNs are described in U.S. Patent Nos. 4,450,103; 4,315,852; 
4,343,735; and 4,343,736; and Derynck et al . . Nature (1980) 287 :193- 
197 and Scandella and Kornberg, Biochemistry , H)_:4447 (1971). 
Generally with these methods the IFN is not produced in a sufficiently 

35 pure form and in sufficiently large quantities for clinical and 
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therapeutic purposes and the resulting IFN preparations produced by 
recombinant DNA techniques have residual amounts of chemicals, such as 
sodium dodecyl sulfate (SDS) and other surfactants or precipitants 
used in the extraction and purification steps. 

5 E. coli expressed recombinant IFN-s and analogs thereof are 

insoluble in solutions which are at a pH range of 6 to 9. Therefore, 
various processes and additives have been devised to solubilize these 
proteins. Several methods currently available for the preparation, 
recovery and purification of bacterial ly produced proteins are listed 
10 immediately below. 

U.S. Patent No. 4,315,852 to Leibowitz et al . describes a 
method for the acid extraction of leukocyte interferon from bacterial 
cells and neutralization of the extractant to obtain the interferon. 

U.S. Patent No. 4,343,735 to Menge et al. teaches a process 

15 for the purification of interferon by partitioning it in an aqueous 

multi-phase system in the presence of ion exchangers which are soluble 
in the system and are derivatives of polyethers. 

U.S. Patent No. 4,343,736 to Uemura et al. discloses a 
method for recovering interferon by absorption of water-i nsol ubi 1 i zed 
20 heparin and then eluting the interferon with an aqueous solution of an 
inorganic salt and chondroitin sulfate. 

U.S. Patent No. 4,289,689 to Friesen et al . discloses how to 
recover and purify human native B-interferon by use of affinity 
chromatography and high pressure liquid chromatography. 

75 . u - s - Patent No. 4,364,863 to Leibowitz et al. describes a 

method of extracting fibroblast Interferon from bacteria using a low 
pH followed by a high pH extraction procedure. 

U.S. Patent No.. 4,450,103 to Konrad et al . discloses 
solubilizing the protein in an aqueous medium with an appropriate 
30 solubilizing ager.t, extracting the protein from the aqueous medium 
with 2-butanol or 2-methyl -2-butanol , and precipitating the protein 
from the alcohol phase. 
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U.S. Patent No. 4,530,787 to Shaked et al . describes a 
process for oxidizing recombinant proteins such as IFN-6 selectively 
and stoichiometrically using o.-iodosobenzoic acid to ensure that the 
protein will be functionally equivalent to its native counterpart. 
5 Many heterologous proteins are precipitated intracel 1 ul arl v 

in the form of refractile or inclusion bodies which appear as brigh* 
spots visible within the enclosure of the cell under a phase contrast 
microscope at r-annif ications down to 1000 fold. See e.g., Miller et 
al., Science (1982) 215:687-690; Cheng, Biochem. Bioohvs. Res. Comm. 
10 (1983) HT: 104-111; Becker et al., Biotech. Advs. (1983) 1:247-261; 
Kleid et al., ch. 25 in Developments in Industrial Microbiology . Vol.' 
25, p. 317-325 (Society for Industrial Microbiology, Arlington, VA, 
1984); narston et al . , Bio/Technoloov (Spntpmhor, 1984 ), pp . 800-804. ' 

Purification and activity assurance of precipitated 
15 heterologous proteins is also described by U.S. Patent Nos. 4,511,502- 
4,511,503; 4,512,922; 4,599,127 and , 4,518, 526; and EP 114,506. 

EP 206,828 discloses improved methods for recovering and 
purifying refractile bodies. 1 
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Wang et al . , J. Parente ral. Drug Assoc. . 34, 452-462 (1980) 
provides a review of excipients and pHs for parenteral products used 
in the United States. A list of solubilizing agents such as 
detergents and lipids in use for various drugs is provided in Table I 
thereof and under section II entitled "Solubilizers, Wetting Agents or 
Emulsifiers" of that table, polyethylene glycol 300, polysorbate 20 
40 and 80, and propylene glycol among others are listed for a variety 
of pharmaceuticals. Below are referenced some examples of interferon 
and related formulations. 

U.S. Patent No. 4.647,454 to Cymbalista et al . discloses a 
method of stabilizing human fibroblast interferon with polyvinyl 
pyrrol i done. 

U.S. Patent No. 4,460,574 to Yabrov discloses a 
pharmaceutical composition comprising native human a - and 8 - 
15 interferons used for rectal or urogenital treatment of human 
interferon-sensitive diseases. 

U.S. Patent No. 4,462,940 to Hanisch et al . ('940 patent) 
(incloses a process for formulating interferon by mixing the 
mterferon and a protein stabilizer, such as normal serum albumin, at 

20 a P H of about 10.5 to 12.5 for 5 minutes and then adjusting the pH to 
7.5 to obtain a soluble mixture. The '940 patent to Hanisch et al . 
further describes a method for recovering and purifying a lipophilic 
protein such as human recombinant interferon-e or IL-2 which comprises 
solubilizing the protein into an aqueous medium with a suitable 

25 solubilizing agent, such as sodium dodecyl sulfate (SDS), extracting 
the solubilized protein with an aliphatic alcohol, precipitating the 
protein from the alcohol phase with an aqueous buffer, and 
diafmering the protein at a pH of about 10.5 to 12.5 against water 
or agamst mixtures of water and aliphatic alcohols adjusted to a pH 

30 of about 10.5 to 12.5, to remove the solubilizing agent (SDS) or 
reduce its concentration. 

One aspect of the instant invention concerns a process 
alternative to the method described above and claimed m U.S. Patent 
No. 4,462,940. Said process alternative avoids the high P H range ( P H 
35 10.5 to 12.5) required to remove certain solubilizing agents such as 
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SDS during dia'i 1 tration or desalting, preferably desalting. 

EP 215,658 outlines a high pH and a low P H process for 
recovering and purifying lipophilic 'recombinant proteins, such as 
hunan IFN-s from host strains to yield a pnotein preparation which nay 
5. be formulated into a stable pharmaceutical composition. Said 
composition carrying a therapeutically effective amount of the 
biologically active lipophilic protein dissolved in a non-toxic, 
inert, therapeutically compatible aqueous-based carrier medium at a pH 
of 6.8 to 7.8 also contains a stabilizer, for the protein, such as 
10 human serum albumin, human serum albumin and dextrose, or human plasma 
protein fraction. 

EP 217,645 discloses pharmaceutical compositions containing 
IFN-e or interleukin-2 dissolved in a stable carrier medium at pH 7.0 
to 8.0 stabil ized with sodium laurate. 

15 W0 87 /00°56 discloses pharmaceutical compositions wherein 

recombinant IFN-8, IL-2 or an immunotoxin is dissolved in an aqueous 
carrier medium at pH 6 to 8 without the presence of a solubilizing 
agent. The protein is solubilized by selectively conjugating it via a 
coupling agent to a water-soluble polymer selected from polyethylene 

20 glycol homopolymers or polyoxyethyl ated polyols. 

Japanese Laid-Open Patent Application (Kokai) No. 59-10524 
(published January 20, 1984) entitled "An Interferon Composition and a 
Method of Manufacturing the Same" discloses a micelle solution for 
rectal administration prepared by mixing (a) an unsaturated fatty 
25 acid, (b) a polyoxyethyl ene fatty acid ester, alky! polyoxyethyl ene 
ether or sucrose fatty acid ester, ( c ) water and (d) interferon. 
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EP 135,171 discloses pseudomonophase , microemul sion 
. compositions for topical application of interferons, preferably 
leukocyte interferon A. The conditions comprise a therapeutically 
effective amount of interferon, 30-70% by volume of a surface active 
5 agent having a hydrophi 1 i c-1 i pophi 1 i c balance (HIB) of from 12-15 and 
dual solubility in water/oil; 5-45% of a vegetable oil; and 5-45% 
water. The surface active agents disclosed therein are polyethylene 
glycol derivatives of castor oil composed on average of 25-36 moles of 
ethylene oxide per mole of castor oil. Such an oil-based 
10 mcroenulsion is not stable and subject to phase separation. 

U.S. Patent No. 4,507,281 discloses compositions comprising 
l-fl flb0Ut 10 t0 10 ° f n «™>n leukocyte interferon, about 1% to 5% bv 
Wei ' 9ht 0f 3 non - 1 '° ni c surface active agent having at least one ether 
! 1 0r anide 1ink age, and a physiologically acceptable carrier. Such 
M 15 C0mp0s1ti0ns ape topically administered to treat herpes simplex 
M infections wherein a therapeutic effect is attributed to such „on- 
|1 l0niC surfa "ants in their ability to dissolve the 1 Ipid-contalninq 
P envelope of the herpes simolex virus. The preferred non-ionic 
113 surfactants referred to therein include: nonyl phenoxypolyethoxy 
gi 20 ethanol (trade name Nonoxynol -9) ; p-di isobutylphenoxypolyethoxy 
yj f hano1 (fadename Triton X-100); polyoxyethyl ene (10) oleyl ether 
f trade nfliriA Rrii'-Q7^ *i ' . . 



J ( ^ rade nane Bri 'J-97); and onyx-ol (trade name ' Onyx-ol 345). Such 



\ | Pharmaceutical compositions are preferably adminstered in 'lotion, 

| i cream ' 011 ' or emulsion formulations. See also EP 77,063 which is a 

£\j 25 foreign equivalent thereof. ' 

lj There remai "s a need in the art for formulations of 
bTologically active, recombinant beta-interferons that pure enouyh 

M f0r clini «l administration but substantially or totally free of 

N residual strong detergents, such as SDS, used in the extraction and 

jj purification processes. Further, there, is a need for formulations 

; j that P rovl 'de alternatives to those containing non-IFN-e protein, such 

A as those containing albumin. 

I 
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Further, alternative formulation processes for such 
H biologically active, recombinant beta-i nterferons which avoid very 

iffi? high pH ranges are desirable. 



f| The P res ent invention provides for stable pharmaceutical 

SJ ' compositions of matter suitable for parenteral administration to 

H animals or humans comprising a therapeutically effective amount of a 

| recombinant Interferon-, protein dissolved in an 'inert carrier medium 

| comprising as a solubil izer/stabilizer an effective amount of one or 

1 10 more biocompatible non-ionic polymeric detergents. Such compositions 

"j can further ""prise an additional solubilizing or stabilizing agent, 

for example, sodium dodecyl sulfate (SDS) and glycerol. 

The use of glycerol in combination with one or more non- 
ionic detergents of this invention allows for an order of magnitude 
15 decrease in the concentration range of the non-ionic deteraents 
required to solubil ize/stabil ize the IFN-s. 

The formulations of this invention can be in liquid form or 
lyophil ized. 

Another aspect of the invention is, methods of screening for 
20 one or more biocompatible non-ionic polymeric detergents or for 
S combinations of one or more of said detergents with another 

I solubilizing or stabilizing agent capable of solubilizing and 

stabilizing pharmaceutical compositions of recombinant interferon-s 
(IFN-s), comprising the steps of: 

(a) passing extracted, . purified IFN-s in sodium dodecyl 
sulfate (SDS) on a desalting column equilibrated in sodium laurate in 
an elution buffer at pH 9.0-10.0 to form an eluate; 

(b) lowering the pH of the eluate to about pH 2-3.3; 

(c) centri fuging and filtering the eluate to remove the 
precipitated sodium laurate; 

(d) adding to the filtrate an effective amount of one or 
more of said detergents or said combination of one or more of said 
detergents with another solubilizing or stabilizing agent; 
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(e) adjusting the pH of the filtrate to 3.5 to 9.5; and 

(f) allowing said filtrate to stand for about 24 hours at pH 
3.5 to 9.5. 

The invention further provides for methods of preparing 
stable, pharmaceutical compositions of recombinant interferon-6 f I FN— 
6) protein wherein one such method comprises the steps of: 

(a) extracting the IFN-s from the disruptate of a host 
organism transformed to produce the protein; 

(b) purifying the IFN-s using as the last purification step 
a desalting step at a pH range of about 8.5 to 10 employing an elution 
buffer containing a fatty acid salt having a carbon chain containing 
from about 10 to about 12 carbons to form a desalted pool; 

(c) lowering the pH of the desalted pool to a pH of about 2 
to 4 thereby precipitating the fatty acid salt; 

15 (d) removing the precipitated salt from the pool by 

centrifugation and filtration; 

(e) adding to the desalted pool an effective amount of one 
or more non-ionic biocompatible polymeric detergents, or a combination 
of one or more biocompatible non-ionic polymeric detergents and 
another solubilizing or stabilizing agent, in effective amounts to 
stabilize and solubilize the IFN-s; ? 

(f) adjusting the pH of the pool to a range of between 4.0 j 
and 8.0; jL 

(g) adding an effective amount of a bulking/stabilizing r" 
25 agent to the pool ; and fc- 

(n) lycphilizing the formulation; and 

wherein another such method comprises the steps of: p 

(a 1 ) isolating refractile bodies containing the IFN-s from a I'"} 

host organism transformed to produce said IFN-s; F 1- 

t ■ fv 

(b') solubilvzing said refractile bodies by employing sodium - \ J 
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1 aurate; 
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(c') extracting and purifying said IFN-s from the 
solubilized refractile material employing sodium laurate as the 
primary solubilizing agent; 

(d') lowering the pH of the purified IFN-s to a pH from 
5 about 2 to about 4; 

(e') centrifuging and filtering the purified IFN-e solution 
to remove the sodium laurate precipitate to create an IFN-s pool; 

(f) desalting the IFN-s pool at a pH from about 2 to 4; 

(g') adding to the IFN-s protein solution an effective 
10 amount of one or more non-ionic biocompatible polymeric detergents, 

or of a combination of a non-ionic biocompatible polymeric detergent 
and another solubilizing or stabilizing agent to stabilize and 
solubilize the IFN-s; 

(h 1 ) adjusting the pH of the IFN-e solution to a pH range of 
15 3.5 to 9.5; 

(i') adding to the solution an effective amount of a 
bulking/stabilizing agent; and 

(j*) lyophilizing the formulation. 

The invention still further concerns a method of extracting 
20 recombinant interferon-s (IFN-s) from a bacterial host transformed to 
produce it and then purifying and formulating said IFN-s comprising 
the steps of: 

(a) growing the transformed .bacterial hosts in an 
appropriate fermentation medium; 

i • 

(b) concentrating the bacterial host in the fermentation 

medium; 



II 



25 



(c) disrupting the cell wall and cell membrane of the 
bacterial host; 

(d) removing greater than 99% by weight of the salts from 
30 said disruptate by diafiltration or centri f ugati on; 

(e) redisrupting the desalted disruptate; 
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(f) adding a material to the disruptate to increase the 
density or viscosity of, or to create a density or viscosity gradient 
in, the liquid within the disruptate; 

(g) separating the refractile material from the cellular 
5 debris by high-speed centrifugation; 

(h) solubilizing the refractile material 1n an aqueous 
buffer containing a reducing agent; 

(i) cAtracting the solubilized refractile material with 2- 
butanol or 2-methyl-2-butanol ; 

(j) isolating said refractile material from the extractant; 

(k) solubilizing the resulting IFN-s particle pellet with an 
aqueous solution of sodium dodecyl sulfate at an IFN-s to sodium 
dodecyl sulfate ratio of about 1:3 to form a solution; 

(1) adjusting the pH of the solution to about 9.5 and 
15 reducing the solubilized IFN-s with dithiothreitol ; 

(m) purifying the reduced IFN-s by chromatography; 

(n) oxidizing the IFN-s from step (m); 

(o) further purifying the oxidized IFN-s by gel 
chromatography and collecting the eluate containing the purified IFN- 
20 s; 

(p) desalting the purified IFN-s eluate in a desalting 
column equilibrated and run in sodium laurate at pH 9.0 to 9.8; 

(q) lowering the pH of the eluate to pH 3.0; 
(r) centrifuging and filtering the solution to remove the 
25 precipitate; 

(s) adding to the filtrate an effective amount of one or 
more non-ionic biocompatible polymeric detergents or a combination of 
one or more of said detergents and another solubilizing or stabilizing 
agent to solubilize and stabilize the IFN-s; 
30 (*) adjusting the pH of the solution to 4.0 to 9.5; 
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(u) adding an appropriate bulking/stabilizing agent in a 
concentration of from about 0.254 to about 104; and 

(v) lycphilizing the IFN-s solution. 

Figures 1A and IB sequentially illustrate the steps of a 
preferred embodiment of the instant invention for extracting, 
purifying and formulating microbially produced IFN-s. ■ In this flow 
chart sodium laurate is used as the primary solubilizing agent in the 
extraction and purification process- Macol® LA-12 (0.154) is the 
10 formulating agent (solubil izer/stabil izer in the formulation) and 
dextrose (54) is the bulking/stabilizing agent. 

Figures 2A and 2B outline the steps of another preferred 
embodiment of the invention wherein SDS is employed as the primary 
solubilizing agent during extraction and purification, and sodium 
15 laurate is employed as a transfer component during desalting on a G-25 
column to remove the SDS. Plurafac^ c-17 (0.14) is the formulating 
agent ( sol ubil izer/stabil izer in the formulation) and dextrose (54) is 
the bulking/stabilizing agent. 

Figures 3-6 graphically illustrate linear non-isothermal 
20 stability (LNS ) study results comparing representative formulations of 
this invention with sodium laurate and human serum albumin (HSA) IFN-s 
formulations. The HSA formulations are indicated in these figures as 
normal, high and low dose. 



This invention provides for highly stable pharmaceutical 
compositions of matter suitable for parenteral administration to 
animals or humans comprising a therapeutically effective amount of a 
recombinant interferon-s protein dissolved in an inert carrier medium 
comprising one or more biocompatible non-ionic polymeric detergents or 
30 the combination of one or more non-ionic biocompatible polymeric 
detergents with an additional solubil izing/stabil izing agent. 
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The term "recombinant s-i nterferon, " designated as IFN-s, 
preferably human IFN-s, refers to fibroblast interferon having 
biological activity comparable to native IFN-s , prepared by 
recombinant DNA techniques as described in the art. In general, the 
gene coding for interferon is excised from its native plasmid and 
inserted into a cloning vector to be cloned and then into an 
expression vector, which is used to transform a host organism, 
preferably a microorganism, and most preferably col i . The host 
organism expresses the foreign interferon gene under certain 
conditions to produce IFN-s. tore preferably, the IFN-e is a mutein 
as described in U.S. Patent No. 4.588,585, in which the cysteine 
normally occurring at position 17 of 'the wild-type or native molecule 
has been replaced by a neutral amino acid, such as, serine or 
alanine. Most preferably, the IFN-s mutein is Ir"N-s serl7 . 

The precise chemical structure of the IFN-s protein will 
depend on a number of factors. As ionizable amino and carboxyl groups 
are present in the molecule, a particular IFN-s protein may be 
obtained as an acidic or basic salt, or in neutral form. All such 
preparations which retain their bioactivity when placed in suitable 
environmental conditions are included in the definition of IFN^s 
proteins herein. Further, the primary amino acid sequence of the 
protein may be augmented by deri vatization using sugar moieties 
(glycosylation) or by other supplementary molecules such as lipids, 
phosphate, acetyl groups and the like, more commonly by conjugation 
with saccharides. Certain aspects of such augmentation are 
accomplished through post-translational processing systems of the 
producing host; other such modifications may be introduced in vitro . 
In any event, such modifications are included in the definition of 
IFN-s protein herein so long as the biological activity of the 
protein, as defined above, is not destroyed. It is expected, of 
course, that such modifications may quantitatively or qualitatively ' 
affect the activity, either by enhancing or diminishing the activity 
of the protein in the various assays. 
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Further, individual amino acid residues in the chain may be 
modified by oxidation, reduction, other derlvatization, and the 
protein may be cleaved to obtain fragments which retain activity. 
Such alterations which do not destroy biological activity do not 
5 remove the protein sequence from the definition. 

The pharmaceutical compositions of this invention provide a 
means of maintaining recombinant IFN-s in soluble form and thereby 
stabilizing it in pH ranges wherein recombinant IFN-s is not readily 
soluble, by use of one or more solubilizer/stabilizers of this 
0 invention. Recombinant IFN-s unlike native IFN-s, is considered to be 
lipophilic and hydrophobic, that is, insoluble or not readily soluble 
in water or an aqueous medium under ambient conditions of room 
temperature and atmospheric pressure at a pH of between about 5 and 
about 6. The most difficult IFN-s solubility problems are those that 
occur with nonglycosyl ated IFN-s produced by a transformed bacterial 
host, most notably col i . Therefore, the pharmaceutical 

compositions of this invention are especially useful in 
solubilizing/stabilizing nonglycosyl ated IFN-s produced in coli , 
and it is preferred that the recombinant IFN-s of the pharmaceutical 
compositions of this invention be of such origin. 

As used herein, the term "physiological pH" refers to a pH 
which is pharmaceutical ly acceptable to mammals. Neutral pH is herein 
considered to be a pH in the range of about 6.0 to about 8.5, 
preferably about 6.0 to about 8.0. 

As used herein, the term "stabilizer/solubilizer" as applied 
to the recombinant IFN-s formulations refers to essentially non-toxic 
and non-immunogenic compositions which alone or in combination act not 
only to stabilize the IFN-s against 1 denaturation and loss of 
biological activity, but also to solubil ize the lipophilic protein in 
an aqueous medium so that the pharmaceutical formulation constitutes 
an aqueous solution of IFN-s protein at pH 3.5 to 9.5, preferably 
about 4 to about 8, more preferably about 5.5 to about 6.5, and still 
more preferably about pH 6, from which the protein will not 
precipitate. The stabilizer/solubilizer compositions of the invention 



5 4 1 



88162888 



2 9 9 



0 270 799 



15 

i 

are one or more biocompatible, non-ionic polymeric detergents, or 
combinations of one or more ' biocompatible, non- ionic polymeric 
detergents with another solubilizing and/or stabilizing agent. 

The term "primary solubilizing agent" is defined herein to 
i mean a solubilizing agent, preferably a detergent and/or chaotrope, 
which is used to solubilize the IFN-s from the refractile bodies in 
the abbreviated or expanded front-end processes of purifying IFN-e 
described infra. The primary solubilizing agent is preferably then 
relied upon to maintain the IFN-s in solution throughout the 
purification process up to its removal, preferably by desalting, 
before formulating the purified IFN-e with the non-ionic detergents 
according to this invention. For example, in the purification scheme 
illustrated by Figures 1A and IB, sodium laurate is the primary 
solubilizing agent, whereas, sodium dodecyl sulfate (SDS) is the 
primary solubilizing agent in the process illustrated by Figures 2A 
and 2B. 

As used herein the term "transformed" in describing host 
microorganism cell cultures denotes a microorganism that has been 
genetically engineered to produce IFN-s that possesses biological 
activity comparable to native IFN-s. Bacteria are preferred 
microorganisms for producing IFN-a. Ej_ col i is particularly 
preferred. 

"Chaotropic environment" refers to an environment in which 
proteins are denatured or changed from their ordinary conformations. 
Chaotropic environments may be engendered by the presence of suitable 
concentrations of chaotropic agents, as described below, or may be the 
result of heat or pH alterations. The resultant environment? a~ 
capable of disrupting hydrogen bonding in the protein and altering the 
thermodynamics of the surroundings in such a way that alternate three- 
dimensional conformations are preferred in. the chaotropic environment 
to those found in more physiologically compatible environments. 

The term "chaotropic agent" refers to a compound or 
compounds which, in aqueous solution and in a suitable concentration, 
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engender a chaotropic environment and are capable of denaturing IFN- 
S. Guanidine salts (e.g., the hydrochloride) and alkali metal 
thiocyanates (e.g., sodium thiocyanate) and urea at concentrations in 
tne range of about 4 to 9M, preferably 6 to 9M, are examples of 
chaotropic environments that will dissolve and denature IFN-8. 

"Reducing conditions" are those required to place or 
maintain the IFN-s in reduced form with respect to the cysteine 
residues. These conditions can most simply be provided by use of a 
suitable reducing agent (especially a thiol -contai ning reducing 
agent), or if the IFN-s is already reduced (e.g., in the cellular 
environment), exclusion of air and oxidation catalysts or reagents may 
suffice. 

The biocompatible non-ionic polymeric detergents are 
essentially non-toxic surface active agents used in the food, 
pharmaceutical, and cosmetic industries and have molecular weights in 
the range of approximately 100 to 250,000, and more .preferably from 
about 180 to about 200,000. The term "detergent" herein is broadly 
defined to include compounds or mixtures of compounds known to those 
skilled in the art as detergents, emulsifiers, sol ubi 1 izers, 
surfactants and/or surface-active agents. 

The biocompatible non-ionic polymeric detergents used as 
solubilizer/stabilizers in the formulations of this invention are 
characterized by their ability either alone or in combination with 
another non-ionic detergent or with another type of 
solubilizing/stabilizing agent, preferably sodium dodecyl sulfate 
(SDS) or glycerol, to solubilize IFN-6 at a pH range of from about 3.5 
to about 9.5, more preferably from about 5 to about 8. 

The amphiphilic nature of non-ionic detergents is often 
expressed in terms of the balance between the hydrophobic and 
hydrophilic portions of the molecule. An empirical scale of 
hydrophile-lipophile balance numbers (HLB) has been devised. An HLB 
number is a value extending from 1 to approximately 50, which 
indicates the extent of hydrophilicity-or lipophil icity of a surface- 
active agent. The more hydrophilic surfactants have high HLB numbers 
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(in excess of 10), whereas surfactants with HLB numbers from 1 to 10 
are considered to be lipophilic. 

Preferable biocompatible non-ionic polymeric detergents in 
| the formulations of this invention have hydrophile-lipophile balance 

5 (HLB) numbers in the range of from about 10 to about 40. preferably 
from about 15 to about 35, and more preferably from about 12 to about 
30. Further such biocompatible non-ionic polymeric detergents are 
U preferably selected from the group comprising ethoxylated fatty 

| alcohol ethers and lauryl ether, octylphenoxy polyethoxy ethanol 

| 10 compounds, modified oxyethylated and/or oxypropyl ated straight-chain 

] alcohols, polyethylene glycol monooleate compounds, polyoxyethylene 

| sorbitan fatty acid esters, phenolic fatty alcohol ethers and block 

I copolymers of propylene oxide and ethylene oxide ( polyoxypropyl ene and 

§ polyoxyethylene condensates). 



15 



Further, preferably the biocompatible non-ionic polymeric 
| detergents employed as stabilizer/solubilizers in the formulations of 

a the instant invention include: 

1. a mixture of ethoxylated fatty alcohol ethers and lauryl ether 
having the formula: 

20 CH 3 -(CH 2 ) w -(OCH 2 CH 2 ) n -0H 

wherein n is .a distribution from about 1 to about 30, and 
preferably centering on n = 12, and w is a distribution from about 9 
to about 17, containing a significant proportion of w = 11; more 
preferably wherein said mixture of ethoxylated fatty alcohol ethers 
25 and lauryl ether are known as polyoxyethylene 12 lauryl ether or 

polyoxyethylene 12 lauryl alcohol; still more preferably said mixture H 
is selected from the group of commercially available detergents known R; 
as Trycol* LAL-12, Macol* LA-12 and Siponic* L-12, most preferably - 1 M; 

Macol* LA-12; JL 4 ' 

r , : 

e.3: 
* feU 

i::-a:. 

It ' 



~ 544 88162888 



302 



©i 



0 270 799 



.>« - 



f 



t 



43 



3 



18 

2. an octylphenoxy polyethoxy ethanol compound having the fonn.il a: 
C 8 H 17-O M 0CH 2 CH 2 ) m -0H 

wherein m is an integer between about 5 and about 60. more 
preferably wherein m is an integer between about 20 and about 50 
5 still more preferably wherein m 1s an integer between about 30 and 
about 40, further more preferably wherein m is either 30 or 40; most 
preferably wherein m is 30, the detergent is Triton* X305, and wherein 
m is 40, the detergent is Triton® X405; 

3. a mixture of modified oxyethylated and/or oxypropyl ated straight- 
10 chain alcohols having the formulas: 



H-(0CH 2 CH 2 ) p -(OCH 2 CH 2 CH 2 ) q -(CH 2 ) r -OH 

wherein p is an integer between about 1 and about 10; 
wherein q is zero or an integer between about 1 and about 10; 
and wherein r is an integer between about 6 and about 14; more" 

preferably, wherein p is an integer between about 1 and about 5, q is 
zero or an integer between about 1 and about 5; and r is an integer 
between about 10 and about 12, most preferably when said detergent is 
Plurafac« C-17; 

4. a polyethylene glycol monooleate compound having the formula: 



15 



20 



H H 



CH 3 -{CH 2 ) 7 -C=C-(CH 2 ) 7 -C-0-(CH 2 CH 2 0) s -H 



wherein s 1s an integer between about 1 and about 10, and wherein 
the molecular weight of said compound is, in the range of from about 
300 to about 750; more preferably, wherein s is an integer between 
2> about 2 and about 6, and wherein the molecular weight of said compound 
is from about 350 to about 550; still more preferably, wherein s is 3 
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and the molecular weight of said compound is about 400; and most 
preferably, wherein said detergent is. Nopalcol* 4-0; 



5. a polyoxyethylene sorbitan fatty acid ester c 
formula: 



ompound having the 



H0(0C 2 H 4 ) 




CH 2 (0C 2 H 4 ) a R. 

CH(0C 2 H 4 ) x 0H 
(0C 2 H 4 ) z 0H 



wherein the sum of the integers a, x, y and z equals 20 and R is a 
fatty acid having from about 10 to about 20 carbon atoms; more 
preferably wherein R is a fatty acid having from about 12 to about 18 
carbon atoms; more preferably, laurate and oleate esters of sorbitol 
and sorbitol anhydrides copolymerized with about 20 moles of ethylene 
oxide for each mole of sorbitol and sorbitol anhydride; still more 
preferably, wherein R is lauric acid, said ester is a polysorbate 20 
compound and is most preferably Tween* 20, and wherein R is oleic 
acid, said ester is a polysorbate 80 compound and is most preferably 
Durfax* 80 or Tween* 80, most preferably Tween* 80; 

6. a phenolic fatty alcohol ether having the formula: 
20 <^J-(0CH 2 CH 2 ) v -0H 

wherein v is an integer between about 10 and about 200, more 
preferably, wherein v is an integer between about 50 and about 150, 
and. most preferably, wherein v is about 100 and said ether has an HLB 
of about 19; and 
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block copolymers of propylene oxide and ethylene oxide which are 
Pluronic polyols; more preferably, wherein said detergent is Pluronic* 



F68. 
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Trycol* LAL-12 has an HLB of about 14. Plurafac* C-17 has 
an HLB of about 16. Nopal col* 4-0 has an HLB of about 12. Durfax« 80 
has an HLB of about 15.9. Tween* 20 has an HLB of about 16.7. Tween* 
80 has an HLB of about 15. Tritorr* X305 has an HLB of about 17.3. 
5 Triton* X405 has an HLB of about 17.9. Pluronfc* F68 has an HLB of 
about 29. Kacol* LA-12 and Siponic* L-12 both have HLBs of about 
14.5. 

Laureth 12 detergents are defined herein as non-ionic 
biocompatible polymeric detergents which are mixtures of ethoxylated 

10 fatty alcohol ethers and lauryl ether, having the formula outlined 
above under 1. Herein the terms Laureth 12. polyoxyethyl ene 12 lauryl 
ether and polyoxyethyl ene 12 lauryl alcohol, *2Z (12) lauryl ether and 
POE (12) lauryl alcohol are considered interchangeable. Preferred 
brand names of such Laureth 12 detergents are Macol* LA-12, Trycol« 

15 LAL-12 and Siponic& L-12, wherein Kacol* LA-12 is most preferred. 

The above-noted biocompatible non-ionic polymeric detergents 
are all commercially available from companies addressed in the USA as 
follows: 



Durfaxs 80 
20 SCM Durkee 

Huntington 
925 Euclid 
Cleveland, 



Foods 
Bldg. 
Avenue 
OH 44115 



Plurafac« C-17 
25 BASF Wyandotte Corp. 

100 Cherry Hill Road 
Parsippany, N.J. 07054 

Nopalcol® 4-0 

Diamond Shamrock 
30 Process Chemicals Division 

350 Mt. Kemble Avenue 
Morristown, N.J . 07960-1931 

Triton* X305 and Triton® X405 

Rohm and Haas Delaware Valley 
35 5000 Richmond Street 

Philadelphia, PA 19105 



Inc. 



Tween* 80 

I CI Americas Inc. 
New Murphy Rd. & 
Concord Pike 
Wilmington, DL 19897 

Pluronic* F68 

BASF Wyandotte Corp. 
101 Cherry Hill Road 
Parsippany, N.J. 07054 

Siponic« L-12 
Alcolac Inc. 
3440 Fairfield Road 
Baltimore, MD 21226 



Macol<* LA-12 

Mazer Chemicals, Inc. 
3938 Porett Drive 
Gurnee, IL 60031 



n 
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Trycol« LAL-12 

Emery Chemicals 
P.O. Box 628 
Mauldin, S.C. 29662 



5 Further biocompatible non-ionic polymeric detergents having 

the above-noted parameters can be found in editions of McCutcheon's 
Emulsifiers S Detergents published by the McCutchion Division of MC 
Publishing Co., 175 Rock Road, Glen Rock, nj (USA). Such non-ionic 
polymeric detergents can be selected for the formulations of this 

10 invention by the screening processes herein outlined. Further, said 
screening processes can be used to test candidate non-ionic detergents 
singly or in combination with or without another solubilizing and/or 
stabilizing agent, preferably, SDS or glycerol. 

Suppliers of several of the biocompatible non-ionic 

15 polymeric detergents included as ' sol ubil izer/stabil izers of this 
invention reported the results of toxicity studies performed by them 
as follows: 



20 



25 



Durfax* 80 

Trycol* LAL(12) 
Nopalcol® 4-0 



Reported Toxicology 

No toxic effects when given at 1 
g/day for 10 months in rhesus monkey. 

Acute oral LD 50 2.2 g/kg in rabbit. 

Acute oral LD 50 Is greater than 21.5 
ml /kg in rat. 

Intraveneous LD 50 is 1.08 g/kg in 
mi ce . 



Example X, infra, confirms the essentially non-toxic nature 
of the biocompatible, non-ionic polymeric detergents employed as 
stabilizer/solubilizers in the formulations of this invention. 

Specific examples of preferred combinations of non-ionic 
30 biocompatible polymeric detergents that are successful 
solubilizer/stabilizers of a normal dose (0.25 mg/ml ) of recombinant 
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XFM-s include the combination of 0.15? polyoxyethylene 12 lauryl ether 
(preferably, selected from the group consisting' of Trycol* LAL-12, 
Sjponic* LA-12 and Macol® LA-12) and 0.05? Nopalcol 4-0; 0.1? Triton 
X-305/0.05? Nopalcol 4-0; and 0.1% Triton X405/0.05? Nopalcol 4-0. 

The formulations of this invention are in liquid form or 
lyophilized. Considered first herein are liquid formulations. 

The liquid formulations are preferably maintained at a 
temperature range of from about -70 - C to about +10°C. The frozen 
formulations are preferably maintained at a temperature range of about 
-70°C to about -20°C, whereas the stabilized liquid formulations are 
preferably maintained at a normal refrigeration range, preferably from 
about +2°C to about +8°C. 

The liquid formulations of this invention comprise: 

1) recombinants produced, purified IFN-e; 

2) one or more biocompatible non-ionic polymeric 
detergents or a combination of one or more non-ionic 
detergents with another solubilizing and/or stabilizing 
agent; and a 

3) a small amount of buffer that maintains the 
formulation at a physiologically acceptable pH range. 

The liquid formulations allow for the use of glycerol, an 
alternative solubilizing and/or stabilizing agent that is not a non- 
ionic detergent but when used in combination with one or more non- 
ionic detergents reduces the concentration of the non-ionic detergents 
required to solubil ize/stabi 1 ize the IFN-s ' by an order of magnitude. 
Without the presence of glycerol, the preferred concentration ranges, 
for the biocompatible polymeric non-ionic detergents in the 
formulations of this invention as a sol ubil izer/stabil izer are from 
about 0.0055 to about 5?. preferably from about 0.01% to about 3?, and 
more preferably from about 0.05? to about! 1.5*. (The concentration 
ranges for the non-ionic detergent sol ubi 1 i zer/stabi 1 i zers of this 
invention are on a volume/volume basis except for the block copolymers 
of propylene oxide and ethylene oxide, such as the Pluronic polyols, 
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for which the concentration ranges are on a weight/volume basis.) 
However, when glycerol is present in the liquid formulations of this 
invention at a concentration range by volume of from about 5% to about 
505, preferably from about 20% to 30% and more preferably about 25%. 
the one or more non-ionic detergents acting in combination with the 
glycerol need only be at one- tenth of the concentrations stated above, 
and the preferred concentration ranges for such non-ionic detergents,' 
alone or in combination, are from about 0.0005? to about 5%, 
preferably 0.001% to about 1%, and more preferably from about 0.01% to 
about 0.5%. 

The other preferred additional sol ubili zing and/or 
stabilizing agents that can be used in combination with one or more 
non-ionic detergents of this invention are stronger solubilizing 
and/or stabilizing agents, preferably sodium dodecyl sulfate '(SDS), 
which can be used in both liquid and lyophilized formulations. Only 
very small amounts of such a stronger solubilizing and/or stabilizing 
agent is required in combination with one or more non-ionic detergents 
to prevent the IFN-e from precipitating from the liquid or 
lyophilized/reconstituted formulations of this invention, and 
preferably SOS would be in a concentration range of from about 100- to 
200 y g/ m g of recombinant IFN-s , more preferably from about 150 to 200 
ug/mg of recombinant IFN-s, and still more preferably from about 150 
to about 173 u g/mg of recombinant IFN-s. Such a stronger solubilizing 
and/or stabilizing agent as SDS also acts to reduce the concentration 
of non-ionic detergents required to solubilize and stabilize IFN-s at 
neutral pH. 

Certain non-ionic detergents cannot stabil ize/solubilize 
IFN-s adequately to prevent precipitation of the IFN-s without the 
addition of either glycerol or small amounts of SDS. Exemplary are 
the polysorbate compounds Durfax* 80 and Tween« 80, and the Pluronic 
polyol, Pluronic* F68, which require such an additional solubilizer 
and/or stabilizer as SDS or glycerol, to maintain the IFN-s in 
solution at the concentration ranges outlined herein. For example, 
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Durfax« 80 or Tween* 80 at a concentration (volume/volume) of from 
about 0.05% to about 0.15?, preferably about 0.1%, successfully 
solubilize and stabilize a normal dosage of recombinantly produced and 
purified IFN-s in the presence of SDS at a concentration of from about 
150 to about 200 „g/mg of IFN-s; and about 0.01% of such non-ionic 
detergents effectively solubilize/stabilize a normal dosage of IFN-s 
in the presence of about 25% glycerol. The screening methods outlined 
below anticipate a protocol that encompasses testing candidate non- 
ionic detergents with such additional solubilizing and/or stabilizing 
agents as SDS and glycerol. 

The liquid formulations can further comprise an additional 
.stabilizing agent, preferably one or more carbohydrates, and more 
preferably one or more sugars. Preferred stabilizing agents include, 
for example, sucrose, dextrose, dextran, mannitol, sorbitol, inositol' 
fructose, galactitol, xylitol, lactose, and trehalose. More preferred 
are dextrose and mannitol. and most preferred is dextrose. Additional 
non-carbohydrate stabilizing agents can include, for example, human 
serum albumin (HSA) which can be used alone or in combination with a 
carbohydrate stabilizing agent, and glycine, which is preferably used 
in combination with a carbohydrate stabilizing agent. Such 
stabilizing agents are preferably in a concentration (weight/weight) 
range of from about 0.025% to about 10%. preferably from about 0.05% 
to about 7%, and more preferably from about 0.1% to about 5%. 

The buffer selected to maintain the liquid formulations at a 
25 physiologically acceptable pH range is preferably at a concentration 
from about 1 to about 50 mM, more preferably from about 10 to about 25 
mM. 
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The lyophilized formulations of this invention comprise: 1) 
recombinantly produced, purified IFN-s ; 2) one or more non-ionic 
detergents or a combination of one or more non-ionic detergents and an 
additional lyophil izable solubilizing and/or stabilizing agent;" 3) a 
carrier; and 4) a small amount of buffer that provides a 
physiologically acceptable pH range upon reconstitution. 




88162888 



3 0 9 



m 



5 



•a 



I 



3 



i 



0 270 799 



20 



The lyophilizable additional sol ubili zing/stabilizing agent 
is preferably SDS (at the concentrations indicated above for liquid 
formulations). Glycerol at the concentration ranges employed in the 
compositions of this Invention is considered a non-lyophil izable 
5 additional solubilizing and/or stabilizing agent, and, therefore, the 
concentrations of non-ionic detergents in the lyophilized formulations 
of this invention are those essentially as outlined above for liquid 
formulations in the absence of glycerol. 

The carrier in said lyophilized formulations can include the 
10 carbohydrate stabilizers either alone or in combination as outlined 
above for liquid formulations and in similar concentration ranges as 
well as human serum albumin alone or in combination with said 
carbohydrate stabilizers; however, such a selected carrier must not 
only have a stabilizing effect but also must provide bulk to the 
15 lyophilized product and is, therefore, herein termed a 
bulking/stabilizing agent. Preferred bulking/stabilizing agents, at 
preferred concentration ranges by volume noted in parentheses, include 
dextrose alone (about 1% to about 10%, more preferably, about 2% to 
about 5i)\ the combination of dextrose (about 0.1% to about 5%, more 
preferably about 0.1% to about 0.2%) with manni to! . (about 0.5% to 
about 5%) more preferably about 1% to about 3%; or with human serum 
albumin (HSA) at a concentration from about 1% to about 5%, more 
preferably about 1% to about 2%; and HSA alone (preferably from about 
1 to about 5%, more preferably about 2.5%). More preferred 
25 bulking/stabilizing agents are dextrose, preferably at a concentration 
of about 5%, and a combination of dextrose and manni to! at a 
concentration ratio by volume of from about 1/5 to about 1/20 
(dextrose/mannitol ), and. more preferably at a concentration ratio of 
about 1/10. Such combinations of dextrose and manni tol are the most 
30 preferred bulking/stabilizing agents of the lyophilized formulations 
of this invention. 

For lyophilized formulations, the buffer is preferably 
selected from buffers, such as, citrate, maleate, acetate and 
phosphate, more preferably acetate or phosphate, and still more 
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preferably phosphate, at the same preferred concentration range as 
indicated above for liquid formulations. Further, for lyophilized 
formulations, it is preferred that 'the pH of the composition to be 
lyophilized (preferably, the IFN-s desalted pool) be maintained in the 
preferred range of 3.5 to about 6.5, more preferably from about 4 to 
about 6.0, and still more preferably about 6, to prevent the creation 
of aggregates during the formulation process because of any time 
delays necessitated by manufacturing requirements. However, if 
lyophilization is to be performed within about an hour, preferably 
less than an hour after neutralization' (or if the formulation is 
liquid), the pH of the formulations can range from about 3.5 to about 
9.5, preferably from about 4 to about 8, more preferably fran about 
5.5 to about 7.5, and still more preferably from about 6.0 to about 
7.2. 

Both the liquid and lyophilized formulations of this 
Invention can further contain a minor amount of preservative to 
enhance chemical stability. 

The particular biocompatible polymeric non-ionic detergents 
employed and the concentration thereof depend mainly on the particular 
IFN-s protein or analog to be formulated, the presence or absence of 
an additional sol ubili zing and/or stabilizing agent (most notably 
glycerol), the concentration of the IFN-s, and pH of the 
formulation. The optimal concentration of the non-ionic detergent 
depends upon the pH of the formulation. For example, when Trycol* 
LAL-12 or . Plurafac® C-17 are employed alone as a 
solubilizer/stabilizer of normal dosage compositions of IFN-s at pH 
5.0, both non-ionic detergents at concentrations as low as 0.01% can 
solubilize IFN-s. At pH 7.0, 0.15% Trycol* LAL-12 can solubilize 
normal dosage IFN-s compositions with only minor aggregation. 
Plurafac« C-17 at 0.05% concentration can solubilize normal dosage 
IFN-s compositions at pH 6. In general, the lower the pH of the 
formulation, the lower the concentration of the non-ionic detergent 
that is necessary to sol ubil i ze/stabi 1 ize it. 
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Further, the concentration of the biocompatible, non-ionic, 
polymeric detergent varies with the concentration of IFN-s in the 
formulation. For example, a high dosage formulation of IFN-s is that 
which contains about 1 to about 2 mg/ml of IFN-s in the final 
5 container vial (2 to 4 x 10 8 units per mg). A normal dosage 
formulation has 0.25 mg/ml of IFN-s in the final container vial (0.5 x 
10 units per mg). Whereas, a low dosage formulation has 0.125 mg/ml 
of IFN-s in the final vial (0.25 x 10 8 units per mg). The preferred 
concentration range of the solubilizer/stabilizer containing one or 
10 more non-ionic detergents for a high dosage formulation is from about 
0.1% to about 55, preferably 0.255 to about 35, and more preferably 
from about 0.54 to about 2.0%. For the normal dosage formulations of 
IFN-s. the preferred concentration range of the non-i.onic detergent is 
from about 0.0055 to about 1.05. more' preferably 0.0755 to about 0.55, 
15 and still more preferably from about 0.015 'to about 0.35. 

Lower dosage formulations of IFN-s would similarly require 
lower concentration ranges of the biocompatible non-ionic polymeric 
detergent employed. 

A most preferred example of a lyophilized normal dose 
20 formulation of this invention comprises: 
0.25 mg/ml recombinant IFN-s 

0.155 (volume/volume) polyoxyethylene 12 lauryl ether; 
20 mM sodium phosphate buffer; 

0.25 dextrose; and 

25 25 manni tol . 

It is preferred that the polyoxyethylene 12 lauryl ether 1s 
Macol* LA-12. 

Many of the methods used for the recovery of lipophilic 
recombinant proteins, such as bacterial ly produced IFN-s, utilize SDS 
30 or similar surfactants as the primary solubilizing agents for the 
solubilization and isolation of the protein from the cellular material 
and subsequent acid precipitation to obtain the protein. By further 
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purification techniques carried out at or near neutral pH, the SOS 
levels in the final protein preparations are reduced to about 0.1%. 
Further removal by diafiltration or desalting techniques in the 3-8 pH 
range does not follow first order kinetics due to protein SDS 
5 interactions which significantly affect the kinetics of SDS removal. 
It was found that SDS removal from recombinant proteins promotes 
protein-protein interactions at the pH range of 3-8 that result in 
aggregation or precipitation of the protein and consequent loss of 
activity. 

10 0ne solution to the problem of such aggregation and 

precipitation during SDS removal is described in U.S. Patent No. 
4,462,940 discussed above, and said patent is herein incorporated by 
reference. That procedure uses a high pH range (10.5 to? 2.5) during 
diafiltration and desalting. Although the procedure of the '940 
patent, as well as any other procedures known in the art, can be used 
to provide purified IFN-s for formulation with the 
stabilizer/solubilizers of this invention, as well as any other 
recovery, isolation and purification procedures known in the art, the 
procedures outlined herein are considered the most preferred 
procedures known to the applicants. 

The instant invention solves the problem of IFN-s 
aggregation, precipitation and loss of protein activity with the 
removal of SDS or similar sol ubili zing agents by methods that further 
avoid the high alkaline pH range (10.5 to 12.5) of the, '940 patent. 

Therefore, one aspect of the invention is to avoid such high 
pH diafiltration or desalting condition's by employing a milder 
detergent or chaotrope as a transfer component during diafiltration or 
desalting, preferably desalting, to replace stronger solubilizing 
agents such as SDS used in the extraction and purification of the 
30 recombinant IFN-s from the host microorganisms. Such milder 
detergent/chaotropes used as transfer components allow for 
diafiltration or desalting of the IFN-s to occur at a lower pH range, 
for example, from about pH 8.5 to about 10, preferably from about 9- 
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9.5. Examples of such detergent/chaotropes for use as transfer 
components include fatty acid salts having carbon chains of from about 
10 to 13 carbons, preferably 11 to 12 carbons and most preferably 12 
carbons. It is preferred that the fatty acid salt be a laurate salt 
and most preferred that such laurate salt be sodium laurate. 

The concentration range of said transfer component in an 
•elution buffer, preferably a low ionic strength elution buffer, is 
from about 0.05? to about 2£, preferably 0.1% to 1% (volume/volume). 

In addition to such fatty acid salts, a number of other mild 
detergent/chaotropes can be used as, for example, urea (5-7 molar, 
preferably 6M) or, more preferably, guanidine hydrochloride (5-7 
molar, preferably 6K). 

Further, it is possible to use the non-ionic biocompatible 
polymeric detergents of this invention as transfer components as well 
as a solubilizer/stabilizer, providing that the pH and other protocol 
conditions are optimized for each of the individual non-ionic 
detergent-containing sol ubi 1 izer/stabil izers employed. 

The pH of the thus purified IFN-e pool, that is after 
diafiltration or desalting, preferably desalting, wherein a low ionic 
strength elution buffer containing a transfer component is employed, 
is then adjusted to a level of about 2 to 4, preferably 3 to 4, and 
most preferably about 3.C, at which point the transfer component, 
preferably sodium laurate, will precipitate from the solution. The 
precipitated transfer component is then removed by filtration and/or 
centrifugation or by other means known to those skilled in the art. 

The representative process described in Example 1 infra wo* 
found to remove the sodium laurate transfer component to levels below 
the detection limit (that is, approximately 10 moles of laurate per 
mole of IFN-b) of an assay employing a standard protein RP-HPLC system 
with low wavelength UV detection. 

The stabilizer/sol ubi lizer containing one or more 
biocompatible non-ionic polymeric detergents, and optionally another 
solubilizing and/or stabilizing agent, can then be added to the 
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protein pool. Optionally, said mixture can be held before raising the 
PH from between 3.5 to 9.5, preferably 4.0 to 8.0, and more preferably 
5.5 to 7.5. The amount of time that the solution may be held depends 
■ainly on the particular iFM-a analog, the particular composition of 
the stabilizer/solubilizer employed. the exact pH. and the 
concentrations of lFN- 8 pro tein and stabilizer/solubilizer 
composition, and typically ranges from 0-240 minutes, preferably 10- 
180 minutes. 

A further aspect of this invention is to provide for 
I extraction, purification and formulation processes wherein the 
formulated recombinant IFN- S is totally or substantially free of SOS 
or other less desired solubilizing agents. Said improved processes 
comprise the use of a non-toxic, milder detergent/chaotrope as the 
primary solubilizing agent instead of SDS or other strong chemical 
solubilizing agents during extraction, purification and recovery of 
the recombinant ifn-s . Such non-toxic detergent/chaotropes include 
the fatty acid salts discussed above as transfer components, 
preferably laurate salts, and most preferably sodium laurate (0.5% to 
3%, preferably 1-2%). The preferred pH range for such fatty acid salt 
solubilizers would be between 9 and 10 inclusively, more preferably 
between 9 and 9.5, inclusively. 

It is preferred that when a fatty acid salt, such as sodium 
laurate, 1s employed as the primary solubilizing agent, it be in a 
buffer, such as phosphate. Tris - HC1 , or an acetate buffer wherein 
sa 1d buffer is in a molarity range of from about 5 to 40 mM 
preferably 10-30 mM, and most preferably about 20 mM. It is further 
preferred that the solubilization process be performed slowly over an 
extended period of time from about 1 to 24 hours, and that sonication 
be performed to promote solubilization. Preferably, reducing agents 
such as dithiothreitol (DTT) or B-mercaptoethanol ( B -mer), can also be 
employed with the fatty acid salt to promote solubilization. 

Other milder detergent/chaotropes useful as primary 
solubilizing agent alternatives include guanidine hydrochloride (4-8 
K, preferably 5-7M. most preferably about 6M) with a reducing agent 
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such as DTT or e-mercaptoethanol (s-mer) (30-70 m t preferably 40-60 
mM, most preferably about 50 mK). 

When such a fatty acid salt or guanidine hydrochloride is 
employed as the primary solubilizing agent as an alternative to a 

5 detergent, such as SOS, it is preferred that the refractile bodies 
containing the recombinant interferon-6 be at a concentration of about 
15 to 5 mg/ml, more preferably about 10 to 5 mg/ml , and still more 
preferably about. 8 mg/ml. When such primary sol ubili zing agents are 
used, the formulations produced are totally or substantially free of 

10 SDS. 

The use of a fatty acid salt, such as sodium laurate, 
provides a further method of avoiding highly alkaline conditions and 
the problems of aggregation, precipitation and loss of activity of the 
IFN-s during diaf i 1 trati on or desalting. When such a fatty acid salt 
as sodium laurate is used as the primary solubilizing agent during 
recovery and purification, it is unnecessary to desalt or diafilter 
the IFN-s pool as the last step of purification unless there is a need 
to remove other lew molecular weight components such as EDTA. Once 
the IFN-s has been purified sufficiently, the pH of the IFN-s pool can 
be lowered to about 2 to 4, preferably 3 to 4. and more preferably 3 
to 3.5. at which point the fatty acid salt precipitates. The 
precipitate can be removed by centrifigation and filtration or by 
other means known to those skilled in the art. Then the IFN-s 
solution can be stabilized with an appropriate solubilizer/stabilizer 
25 of this invention, and the pH thereof can be adjusted to that desired 
for the formulation. If said pH adjustment is to a level above 6.5, 
preferably in immediate continuous sequence a bulking/stabilizing 
agent is added, and the solution, optionally pre-filtered and sterile 
filtered, is lyophilized. As indicated 1 above "immediate" is defined 
30 herein to mean less than an hour. If the pH is 6.5 or below, 
preferably 6 or below, the sequence of adding the bulking/stabilizing 
agent and lyophilizing the optionally pre-filtered and sterile 
filtered solution need not be immediate. 
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It is preferred, when dextrose is used as the carrier for 
lyophilized formulations of this invention, that the lyophil ization 
cycle be performed as a slow, two-stage ramp. A preferred 
lyophilization protocol used when dextrose is the carrier is exemplary 
and follows: 
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(a) freeze for 4 hours at -30°C; 

(b) lyophilize at that temperature for 24 hours; 

(c) ramp at 6°C/hour to +5°C; 

(d) hold at +5°C for 12 hours; 

(e) ramp to +15°C at 6°C/hour; and 

(f ) hold at +15°C for at least 12 hours. 

The freezing time of step (a) can be from about 2 to about 6 
hours at a temperature range from about -70°C to about -20°C. The 
lyophilizing time of step (b) can be from about 12 to about 48 
hours. The ramping rate for steps (c) and (e) can be from about 
3'C/hour to about 12°C/hour to respective temperature ranges of from 
about -5°C to about +10«C (steps c and d) and from about +10°C to 
about +25°C (step e). The holding time period for step (d) can be 
from about 6 to about 18 hours. 

Further, this invention provides for methods of screening 
known biocompatible non-ionic polymeric detergents, combinations of 
said detergents, and combinations of one or more of said detergents 
with another solubilizing and/or stabilizing agent to find 
stabilizer/solubilizers for the recombinant IFN.-S formulations of this 
Invention. A preferred example of such a screening method comprises 
the steps of: 

(a) passing extracted, purified recombinant IFN-s in 0.1% 
SDS on a desalting column equilibrated in 0.1% sodium laurate in an 
elution buffer at pH 9.0-10.0; 
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(b) lowering the pH of the eluate with an appropriate acidic 
agent to about pH 2-4; 

(c) adding an appropriate concentration of the candidate 
biocompatible non-ionic polymeric detergent, of a candidate 
combination of said detergents, or of a candidate detergent or 
combination of said detergents with another solubilizing and/or 
stabilizing agent to the desalted pool; 

(d) adjusting the pH to 3.5 to 9.5 with an appropriate basic 

agent; and 

(e) allowing said solution to stand for 24 hours at pH 3.5 

to 9.5. 

The term purified recombinant IFN-s in the screening step 
(a) above preferably refers to IFN-s that has been purified according 
to the procedures described in Example 1 below and outlined in Figures 
2A and 2B through the sizing step of the G-75 column. However, such a 
screening method is exemplary and other screening methods employing 
other methods of purifying recombi nantly produced IFU-b are within the 
scope of this invention. 

If the candidate stabi 1 izer/sol ubi 1 i zer maintains the 
recombinant IFN-s in solution at pH 3.5 to 9.5 over a 24-hour period, 
it is considered for inclusion in the prototype formulations of this 
invention. 

A preferred screening process includes the step of filtering 
from the desalted IFN-s pool the precipitated sodium laurate which 
precipitates in step (b). 

A further preferred screening method of this invention is 
that wherein the pH range for step (a) is 9-9.5, for step (b) is 3-4 
and other steps (d) and (e) are performed at the pH range of about 4 
to about 8. A still further preferred screening method is that 
wherein the pH range for step (a) is 9-9.2, for step (b) is about 3 to 
about 3.5, and wherein steps (d) and (e) are performed at the pH range 
of about 5.5 to about 7.5. 
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The elution buffer of step (a) is preferably Tris-HCl at pH 
9 to 9.8; borate at pH 9.0 to 9.8; sodium phosphate at pH 9.0 to 9.8; 
acetate at pH 9.0 to 9.8; or sodium pyrophosphate at pH 9.0 to 9.8. 

The following Screening Flow Chart graphically illustrates 
further exemplary methods of screening formulation reagents for the 
IFN-s pharmaceutical compositions of this invention. The terms G-75 
and G-25 are gel filtration columns, which are positioned in a 
representative IFN-s purification process according to Example 1, 
infra. 
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Screem' nq Flow Chart 



Process for Preparing IFK-s for Formulation Studies 



G-75 Pool 



G-25 Column in Laurate Buffer, pH 9.2 



Precipitate Laurate, pH 3 



10 



Centrifuge and Filter to Remove Laurate 



Add Formulation Reagents and Adjust pH 

\/ 
Store at 4°C 



Centri fuge ' 
\/ 

A 280« Bioactivity, or Other Assays 

To analyze prototype formulations, ul tracentrifugation is 
used as a simple method of detecting the presence of high molecular 
weight aggregates. Such candidate formulations can also be screened 
by SDS-PAGE under non-reducing conditions and Western blots. 
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The preferred range of recombinant IFN-s in such 
formulations is from about 0.05 mg/ml to about 10 mg/ml, m0 re 
preferably 0.1 mg/ml to about 5 mg/ml, and still more preferably 0.1 
mg/ml to about 2.0 mg/ml. 

5 A preferred process for preparing lyophilized IFN-s 

formulations of this invention comprises the steps of: (a) extracting 
the recombinant beta-interferon from the disruptate of a host organism 
transformed to produce the protein; (b) purifying the IFN-s protein 
using as the last purification step a desalting step at a pH range of 
10 about 8.5 to 10. employing 0.05 to 2% sodium laurate as a transfer 
component; (c) lowering the pH of the desalted pool with an 
appropriate acidic agent to a pH of about 2 to about 4; (d) removing 
the precipitated sodium laurate by centrifugation and filtration; (e) 
adding to the desalted pool an effective amount of one or more non- 
15 ionic biocompatible polymeric detergents, or a combination of one or 
more biocompatible non-ionic polymeric detergents with another 
solubilizing and/or stabilizing agent to stabil ize/solubil ize the IFN- 
e; (f) adjusting the pH of the pool with an appropriate basic agent to 
a range of between 3.5 and 9.5; (g) adding an effective amount of a 
bulking/stabilizing agent; (h) pre-filtering and sterile filtering the 
solution; and (i) lyophilizing the formulation. 

Preferably, if the pH adjustment in step (f) is to a level 
above 6.5, steps (f) through (i) are carried out in rapid, continuous 
succession to avoid the creation of IFN-s aggregates. It was found 
25 that freezing the sample immediately after neutralization to pH 6.5 
and above in dry ice and ethanol did not produce aggregates, whereas 
freezing the samples slowly by placing the room temperature samples at 
-20°C caused some degree of aggregation. When formulations were 
neutralized to a pH at or above 6.5 four hours before lyophilization, 
30 a 30% to 40% Increase in the amount of aggregation was obtained when 
compared to samples that were neutralized immediately (within an hour) 
before lyophilization. Therefore, it is preferred that lyophilization 
be performed immediately after neutralization to pH 6.5 and above 
which results in very low levels of aggregates. However, when the 
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neutralization step (f) is to pH 6.5 or below, more preferably at or 
below pH 6.0, there is no significant 1 aggregation in samples left at 
room temperature for 24 hours before lyophil ization. 

Further, preferably, the desalting step is carried out at a 
pH range of fro* about 9 to 9.5. Also preferably, the pH range of 
step (c) is 3 to 4, and more preferably about pH 3.0 and for step (f) 
is 4-8, more preferably 4.0 to 6.5, and still more preferably 4.0 to 
6.0. Further, preferably, the pH range for step (c) is about 3.5, and 
for step (f) is from about 5.5 to about 6.5. 

In preferred embodiments of the invention, the non-ionic 
biocompatible polymeric detergent stabil izer/solubil izers or 
combinations thereof are Laureth 12 detergents, Plurafac« C-17, 
Laureth 12/Kopalcol in about a 2:1 volume ratio, or Triton X305 or 
X405/Nopalcol in a 2:1 volume ratio. Further, a preferred embodiment 
15 wherein another solubilizing agent other than a non-ionic 
biocompatible polymeric detergent is employed is Durfa** 83 or Tween* 
80 at about 0.1% with SDS wherein the SDS is in a concentration range 
of from about 150 u g to about 200 u g per mg of IFN-s, preferably 150 
ug to about 173 u g per mq of IFN-s . Further, preferred is the 
20 concentration of about 0.01% of any of the preferred non-ionic 
detergents (including Pluronic* F68) with glycerol at a concentration 
of about 25%. 

For purposes of practicing the present invention, bacteria 
are the preferred microorganism hosts, with col i being the most 
25 preferred. 

In general, the recovery, purif icaticr. and formulation 
processes herein involve fermenting the host organi sn transformed to 
express the IFN-s, disrupting the cell wall and cell membrane of the 
host organism, separating the refractile material containing the 
30 recombinant IFN-s from the rest of the cellular debris, solubilizing 
the refractile material in an aqueous buffer under reducing 
conditions, extracting the IFN-s with 2-butanol or 2-methyl -2-butanol , 
subjecting the extracted IFN-s to chromatographic purification, and 
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then diafiltering or desalting, preferably desalting, the IFN-s to 
remove the solubilizing agent optionally using a suitable transfer 
component and formulating as described above. 

Figures 1A and IB outline a preferred embodiment of the 
^ invention wherein sodium laurate is used as the primary solubilizing 
agent and as a transfer component. 

Figures 2A and 2B outline preferred embodiments of this 
invention wherein sodium dodecyl sulfate (SDS) is used as the primary 
solubilizing agent, and sodium laurate is used as a transfer component 
10 during a desalting step on a Sephadex* G-25 desalting column. 
Further, Figures 2A and 2B illustrate the details of the individual 
process steps of the preferred embodiment of the present invention 
including the culture of the transformed microorganisms in an 
appropriate fermentation medium through the final step where the 
purified IFN-s is stabilized and then lyophilized and reconstituted 
into therapeutic formulations. The individual process steps of such 
an example of one embodiment of the instant invention are summarized 
as follows: 
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(a) growing the transformed bacterial hosts in 
20 appropriate fermentation medium; 

(b) concentrating the bacteria in the fermentation medium by 
cross-flow filtration, centrifugation or other conventional methods; 

(c) disrupting the cell wall and cell membrane of the 

bacteria; 

25 (d) amoving greater than 99? by weight of the salts form 

said disruptate by diafiltration or centrifugation; 

(e) redisrupting the desalted disruptate; 

(f) adding a material to the disruptate to increase the 
density or viscosity of, or to create a density or viscosity gradient 

30 in, the liquid within the disruptate; 

(g) separating the refractile material from the cellular 
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debris by high-speed centrifugation; 

(h) solubilizing the refractile material in an aqueous 
buffer containing a reducing agent; 

(i) organically extracting the solubilized refractile 
material, preferably with 2-butanol or 2-methyl-2-butanol ; 

(j) isolating said refractile material from the extractant, 
preferably by employing an acid precipitation step followed by 
centrifugation; 

(k) sol ubili zing the resulting IFN-s particle pellet with 
distilled water or with an aqueous solution of SDS at a IFN-s to SDS 
ratio of about 1:3; 

(1) adjusting the pH of the solution to about 9.5 and 
reducing the solubilized IFN-s; 

(m) purifying the reduced IFN-s by chromatography; 
(n) oxidizing the IFN-s from step m; 

(o) further purifying the oxidized IFN-s by gel 
chromatography and collecting the eluate containing the purified IFN- 
6; 

(p) desalting the purified IFN-s eluate in a desalting 
column equilibrated and run in 0.1% sodium laurate in lOmM Tris-HCl at 
pH 9.2; 



(q) lowering the pH of the eluate quickly to pH 3.0 with an 
appropriate acidic agent; 

(r) centrifuging and filtering the IFN-s pool; 

(s) adding an effective amount of a non-ionic biocompatible 
25 polymeric detergent-containing sol ubi 1 izer/stabil izer; 

(t) adjusting the pH of the solution to near physiological 

pH; 
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(u) adding an appropriate bulking/stabilizing agent in , 
concentration of from about 0.25% to about 10%; 

(v) filtering the solution; 

(w) immediately lyophilizing the IFN-s sample; and 

(x) reconstituting the lyophilized IFN-s sample, if desired. 
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Ten mM dithiothreitcl may be optionally included in the 
initial solubilization step, and the mixture may be heated to about 
50°C for about 10 minutes. In addition, the IFN-s is preferably 
oxidized so that its cysteine residues are bridged to form cystines, 
as described by U.S. Patent No. 4,530,787 to Snaked et al., using o- 
iodosobenzoic acid solution or by U.S. Patent No. 4,572,798 to Koths 
et al., entitled "Method for Promoting Disulfide Bond Formation in 
Recombinant Proteins," using copper chloride. Preferably, o- 
iodosobenzoic acid is employed for the oxidation. 

In another preferred embodiment of the process of the 
invention, the disrupted cells are treated to isolate and purify the 
interferon-s protein, and then the following steps are carried out: 
(a) desalting the IFN-s protein by G25 chromatography at pH 9-9.2 
employing an elution buffer containing 0.05 to 25 sodium laurate as a 
transfer. component; (b) adjusting the pH of the desalted pool to about 
3.5; (c) centrifuging and filtering to remove the precipitated 
transfer component; (d) adding the stabil izer/sol ubil izer composition 
to the desalted pool; (e) adjusting the pH of the IFN-s mixture to 
neutral pH; (f) adding an effective amount of a bulking/stabilizing 
agent; (g) filtering the pool; (h) immediately lyophilizing the IFN-2 
protein sample upon neutralization and bulking/stabilizing addition; 
and (i) reconstituting the lyophilized IFN-s protein sample, if 
desired. ' 
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206,823 details procedures for extracting and purifying 
recombinant protein, such as which are deposUed witM / 9 

microbial host in refractile bodies. Said disclosure focuses on th* 

; S0 ' d ; 10n . 0f the refr2Ct ' :ie ^ont-end processes which are" 

5 temed either "abbreviated" or "expanded." A synopsis of said 
procedures follow. a 

The transformed ni croorganisns are grown in a suitable 
growth medium, typically to an optical density (03) of at least about 
30 a. 630 ma. and preferably between about 20 and 40 at 530 nm The 
10 exposition of the growth medium will depend upon the particular 
nicroorganlsn involved. The nediun is an aqueous medium containing 
compounds that fulfill the nutritional requirements of the 
nicroorganlsn. Growth med ia will typically contain assinilaMe 
sources of carbon and nitrogen, energy "Wees, magnesium, potassium 
•1> and sodium ions, and optionally amino acids and purine and pvrinidine 

(See - ReV<8W ° f Med1ca1 Lang* "edical Publications. 

14uh td pp. 80-85 (1930).) In expression vectors involvino the tro 
promoter, the tryptophan concentration in the medium is "carefully 
controlled to become limiting at the time IFN- £ expression is 
20 desired. Growth media for _E._ col_j_ are well known in the art. 

After the cells are harvested from the culture, they may be 
concentrated, if necessary, to about 23 to 150 mg /nl , preferably 80 to 
100 mg/nl (00 40 to 300. preferably 160 to 200 at 630 nm) by cross- 
flow filtration, cent rl f ugati on , or other conventional methods. 
25 Preferably a compound which is non-toxic to humans, such as 1-octanol 
in an amount of about is by weight of total components, is added to 
.he fernenter before or during cell concentration to ensure that no 
viable recombinant organisms remain before containment is broken. 

Following concentration of the harvested culture, the cell 
membranes of the microorganisms are disrupted. Conventional cell 
disruption techniques such as honogenlzation. sonication, or pressure 
cycling may be used in this step of the process. Preferred methods 
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are sonication or honogenization with a' hpmogeni zer. The end point of 
jpvj the disru P^° n step can be determined' by monitoring the optical 

V: densUy Kith the absorbance at 260 nm of the suspension typically 

& j increasing with cell lysis. In any event, the disruption should break 

I ' ' j ' 3 substantially all of the cells so that substantially no Intact cells 

p '] are carri "ed through to the solubilization step. Before the 

? ' disruption, the pH of the liquid phase of the concentrate is adjusted, 

if necessary, to a level that facilitates removal of E. coli proteins 
in subsequent steps, while retaining the heterologous protein as an 
insoluble complex in the cellular debris. 
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After the cells "ave been disrupted, deionized water is 

I I 1 preferably added to the disruptate and greater than 99^ by weight of 

f j the sa1ts are removed therefrom. The removal of these salts to reduce 

I j . the iorn ' c strength of the disruptate may be accomplished by 

I j 10 diafiltration using deionized water to flush out the ions or by 

^ centrifuging to pellet the cellular debris and refractile bodies 

f ' followed by resuspension in deionized water. 

I I After tne salts are essentially removed, optionally a 

f ] compound such as 1-octanol may be added to the desalted disruptate, if 

M 20 not added earlier, to ensure that no viable recombinant organises 

I j remain. The. desalted disruptate is again disrupted as described above 

I * for the initial disruption. 

j After redisruption, density or viscosity is increased and/or 

; j . a 3radient is created during centri fugati on in the liquid within the 

-j 20 disruptate by adding a material to the disruptate. 

£ In the fl ' na1 ste P of the abbreviated "frcnt end" prococc tc 

kj recover the refractile bodies, the refractile bodies containing the 

• ■: desired protein are separated from the cellular debris by high-speed 

I '■ ^ centri f ugati on. By "high-speed centri fugati on" is meant spinning the 

; 30 suspension in a centrifuge at about 10,000 to 40,000 times gravity, 
preferably about 10,000-20,000 x g, for a suitable time period 

■ j depending on the volume, generally about 10 minutes to seventy-two 

: j hours. The pellet resulting from the centri fugati on is called the 
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"particle pellet" or "particle paste." The abbreviated front-end 
process is most preferably used when sodium laurate the primary 
solubilizing agent. 

In an alternative, expanded "front-end" process to recover 
the refractile bodies, the particle pellet obtained from the last 
centrifugation step of. the abbreviated front-end process, is 
solubilized, reduced and then extracted f ran the aqueous medium with 
2-butanol cr 2-methyl -2-butanol . The extractant phase is then 
precipitated with an acid and centrifuged to produce a "final pellet" 
or "final paste" which is then further purified as indicated. 

The alternative, expanded front-end process is distinguished 
from the abbreviated front-end process in that it comprises several 
additional steps as follows: solubi'lizing the refractile bodies under 
reducing conditions; organically extracting the solubilized refractile 
material; and isolating said refractile material fran the 
extractant. Essentially, the enhanced purity of the final pellet as 
opposed to the particle pellet lessens the purifying burden of 
downstream processing. There is an interdependence between the choice 
of the front-end process and later process purification steps to 
achieve the desired purity level for the final product. Once the 
choice of the particular front-end recovery of the refractile bodies 
has been made, .one sUllsd ' the art can pici. and choose the 
alternative purifying steps outlined be! o to achieve the desired 
purity level of tne final product. 

Whether the abbreviated or expanded front-end process is 
utilized to recover the refractile bodies containing the IFN-=, the 
next step in purification is solubilizing either the particle or final 
pellet containing the refractile material. The following solubilizing 
agents can be used: sodium dodecyl sulfate (SDS), sodium laurate, 
urea, sodium dodecyl sulfonate, sodium decyl sulfate, sodium 
tetradecyi sulfate, sodium tri decyl sulfonate, sodiu~ dodecyl N- 
sarcosinate, sodium tetradecyi K-sarcosi nate, sodiu- 

dioctvl sulfosuccinate, and guar.idine hydrochloride. = rererrec 
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sol ubil izi ng agents are SDS, sodium laurate or guanidine 
hydrochloride. tfcst preferred is sodium laurate or guanidine 
hydrochloride at concentrations and under the conditions indicated 
above to eliminate the possibility of SDS in the final container 
5 product. 

The solubilizing agent is in an aqueous buffer, preferably 
phosphate buffered saline. The preferred percentage of the 
solubilizing agent is in the range of 1* to 5% (w/v). (Percentages 
herein reflect weight to volume ratios.) The preferred solubilizing 
10 solutions are phosphate buffered saline with 1-2* sodium laurate (20mM 
KaPO^) at pH 9-10 and 6 M guanidine hydrochloride in 50 mM 8- 
mercaptoethanol . Sonication is preferably employed when either sodium 
laurate or guanidine * HC1 is er.pl oyed as the solubilizing agent to 
promote sol ubi 1 i zati on . 

15 ReducinQ agents that can be employed during the 

r.-n-rcaptoethanol ( c -me r) , ol utathi one , 
(DTT). DTT and s-mer are the most 
It is preferred that reducing agents be 
employed when either sodium laurate' or guanidine hydrochloride is used 
20 as the primary solubilizing agent. , 

The solubilization will typically be carried out at 
temperatures in the range of 20°C tc 25°C with mixing to facilitate 
contact between the solid phase and the solubilizing medium. 
Optionally, a reduction step may be carried out at this point. The 
25 pH, if necessary, may be adjusted to a range of 8.5 to 10, most 
preferably approximately 9. The suspension may be heated to 50 5°C 
for 5 to 15 minutes under nitrogen. The reaction mixture would then 
be cooled to approximately 25°C. 

The solubilization is considered complete when the sample 
30 has sat 15 minutes or the solution turns translucent. Optionally at 
this point, the insoluole material may be separated by centri rugati on 
or filtration after completing the solubilization. 



Reducing agents 
solubilization step include: 
cysteine and di thiothrei tol 
preferred reducing agents. 
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After the protein is sol ubi 1 i zed , the resulting suspension 
may optionally be centrifuged at 10,003-40,003 x g, preferably 10,000 
to 15,000 x g, to obtain a pellet containing, inter alia , additional 
host (e.g., E . col i ) proteins, notably including certain contaminants 
5 that have molecular weights very close to that of the desired 
protein. The exact speed of cer.t ri f uga ti or, is not critical, as most 
of the insoluble materia*! will come out, even at low speeds. The 
pellet is discarded and the supernatant containing the desired protein 
is retained and processed to recover the desired protein. 

10 If a reduction step was not carried out during the 

solubilization, the next step in the process would be a reduction of 
the solubilized ref recti le body protein. A preferred reducing agent 
is di thiothreitol (077;. Reaction conditions nay also include the 
addition of a chelating a:cnt s-j:". as ethyl enedi ami no tc-traaceti c acid 

15 (EDTA). 

The next stez in the- process is to separate the protein in 
the supernatant frcm a host contaminants remaining after the 
centri f ugati on or filtration and optimally from the solulril izing 
agent. Gel filtration chromatography, reverse-phase high performance 

20 liquid chromatography (R?-H?LC) f cr a combination of gel filtration 
chromatography and RP-H?LC, can be used. The gel filtration 
chromatography is preferably carried out in two stages that remove 
both pyrogenic components and protein contaminants having molecular 
weights higher or lower than that of the protein. Gels that are 

25 capable of fractionating the solution to permit separation of the 
protein from these contaminants are commercially available. 
Sephacryl* S-200 is a preferred gel for removing the nigher molecular 
weight components and Sephadex« G-75 or G-103 gels are preferred for 
removing the 1 ow molecular weight contaminants. The gel filtrations 

30 will typically be run in buffered solutions (pH 5.5 to 7.0) containing 
about 0.1% to 1.5; solubilizing agent and about 0.5 to 10 m'-t reducing 
agent. The column will be sized to permit suitable resolution of the 
desired components. 
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?.P-' ! .-LC is an alternative to' gel filtration. Also, RP-MPLC 
is capable of removing molecules from the solution that have molecular 
weights closo to the protein and cannot, therefore, be removed 
completely by gel r i 1 trati on. In addition, contaminants such as 
bacterial endotoxin are also removed effectively by RP-HPLC. 
Therefore, : , : - : lw may also tie used as a final purification step after 



:: J 



10 



15 



20 



An alternative and preferred procedure is to oxidize 
selectively, jr.^cr controlled conditions, the IF?;-? protein after it 
has been separated by gel filtration, as described in, U.S. Patent No. 
4,572,793 to K. Koths et al . (using an oxidation promoter containing a 
Cu* 2 cation) and in U.S. Patent No. 4, 520,787 to Z. Shaked et al . 



odos?ben2oic acid) . 



t; 



ne ok' 



is puri f i ed by RP- 



H^LC cr gel r il trati on followed by R- -HPLC . 



It is preferred in carrying out the process of this 
invention that the last step of purification before stabilization of 
the formulation is a desalting step employing a transfer component, 
i-uch as sodium laurate at a pH range of about 3.5 to about 10. The 
parity of the protein ' after the chromatography step(s) is at least 
e.'OUt 95% and higher, and usually at least about 93?:. This highly 
pure material contains less than about 2 ng endotoxin, usually less 
than about 0.01 ng endotoxin, per 100,000 units protein bioactivity. 
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~-o r c rr.j 1 a: i on of trie protein in accordance with this 
i -vent ■ on "is t ; *on ca--iei out as described in dot J i 1 above. It nay be 
ca^r-e: out as a separate operation using purified, selectively 
'v—; ; j.j: pr:te*'n in a^ operation that is i ntegr,- : ted with the 

I ;..-i*"i :at" " o r t~-e r-e" ect i vely oxidised "otein. In t~e latter case, 
statin- -^terir.l for the formulation is a orotei n-conta i ni ng 
:t * r ^- a r r -*"LC treatment o r the selectively oxidized 
r^odurt. rre'e^a^y product selectively cxidiced by the SP-MPLC 
D-o.:u:t !poc'} will co"c*--se a solution o f the protein in a water- 
10 organic solvent nixtu-e. ~he nature of the' organic solvent will 
depend upon the solvent syste-. used in RP-H.PLC. 1 Examples of systems 
that nay be used are combinations o r an organic acid such as acetic 
ac*d, tri r l uoracet i c acid or he:t ^1 ucrobutyr i c acid, a n d an organic 
solvent such as propanol or a cetcr. 1 1 ri 1 e . 

15 Further, other conventional solid non-protein 

bul king/staai 1 i zing agents that a~e used in pharmaceutical tablet 
formulation nay be used as the carrier. These materials are water 
soluble, do not react with tno IFN-i- protein, and a^e themselves 
stable. They are also preferably non-sensitive to water, that is, 

20 non-hygroscopic. Specific examples o r such other candidate carriers 
include starches and starch hydrolysates derived from wheat, corn, 
rice, and potatoes, as well as ni cro-crystal 1 i ne celluloses. 

The unit dosage amounts, that is, about 0.125 to 2 ng, 
preferably 0.25 to 1 ng, of the recombinant beta-i nterf eron in the 
25 solution are dispensed into containers, the containers are capped with 
a slotted stopper, anj the contents are lyop^i 1 i zed using conventional 
f reeze-dryi ng conditions and aooa^atus. 
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The, lyophilized formulations may be reconstituted by 
injecting into the vial a conventional parenteral aqueous injection 
such as distilled water for injection, Ringer's solution injection, 
D5* glucose solution, Hank's solution injection, dextrose injection, 

5 dextrose and salt injection, physiological saline injection, or the 
li'r.e, preferat-ly a diluent, more preferably a KaCl solution which 
yields an isotonic solution upon rc-consti tuti on. The injection should 
be added against the side of the vial to avoid excess foaming. The 
amount of injection added to the vial will typically be in the range 

10 of 1 to 5 ml, preferably 1 to 2 ml . 

The reconstituted formulation prepared as described above is 
suitable for parenteral administration to humans or other mammals in 
therapeutically effective amounts (i.e., amounts which eliminate or 
reduce the patient's pathological condition) to provide therapy 
15 thereto. IFK-z therapy i s . appropri ate for anti-cancer, anti-viral and 
anti-psoriasis treatment. 

The formulations of this invention are useful for parenteral 
administration, for example, intravenous, intrathecal, subcutaneous, 
intraperitoneal , intramuscular, intraorbital , opthalmic, 

20 intracapsular, intraspinal, i ntrasternal , topical', intranasal aerosol, 
scarification, and also, for oral, administration. The preferred 
routes of administration are by intramuscular, subcutaneous and 
intravenous injection, and by topical administration. The use of non- 
ionic detergents are especially preferred for topically administered 

25 formulations because of their ability to penetrate the skin surface. 

The following examples further illustrate the formulations 
and processes of the invention. These examples are not intended to 
limit the invention in any manner. In these examples all temperatures 
are in degrees Celsius unless otherwise indicated. 
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Example 1 



COi 



seri7 was ^covered from 
r this recombinant IFK-£ is different 



r r: 



An analog IFN-£ designated l?K-$ 
The amino acid sequence o 
dt of native h'jnan I F N - ? in that the cysteine at position 17 

The strain of IF^-£ ser ^-producing 



has teen changed tc serine. 
cul i (K12/MX294-1 ) carrying plas-id pSY2501 used in this example was 
copes'' ted at the American Type Culture Collection on November 18, 1953 
unde*- accession number 29,517. Said analog is described in U.S. 
Patent Nos. 4,518,584 and 4,552,535 assigned to Cetus Corporation. 



10 


The E. eeli thus 


trap 


: f c rrTic-d were 


grown in 


a 1000-liter 




feni^ntor at 37°C. 


The diss 


cl ved 


oxygon was 


mai ntai ned 


at about £Q« 




by, as necessary; (1 


} increa 


sing 


agitation; ( 


2) adding 


air; and (3) 




adding oxygen. 














Once the f 


e nrente r 


was 


filled with 


water to 


the operating 


I 5 


volume, the following 

ZnSCS * 
Mr.SC- " 




enent 


s we ^ added 
72 








CuSCv • 


5H-0 
rate " 2r 


2 ^ 


3 uM 
1 . 5 rnM 






20 


ISri, 






21 m'-l ' 
72 mM . 







The ferr.e--t-:- feec a 
according tc stanci-d opera' 
sterile additions wen^ made: 



7H 2 0 



7H 2 0 



«gsc 4 

FeS0 4 
L-tryptophan 
thiamine • HC1 
gl ucose 



acciticr. vessels were then sterilized 
g procedures. Then the following 



2 Q mM 
100 
70 mg/L 
20 ma/L 
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The fennenter was cooled and inoculated with frozen or seed 
E. ccl i culture at 2 mg/L. A glucose feed was employed to maintain 
the glucose concentration between 5-10 g/L. At approximately 15 hours 
after f enr.entati cn was begun, the pH was adjusted with KCH to S.8. 
5 Optical density measurements and residual glucose measurements on 
sar.ples were taken at 14-15 hours and approximately one hour intervals 
thereafter. 

Induction of IF ^-- S erl7 Production by depletion of L- 
tryptophan from the culture medium occurred at about 0D 6 gQ=10 followed 
10 by the addition of casamino acids to a final concentration of 21 at 
0Dgg 0 =15. The cultures were harvested when glucose consumption 
reached 40 +_ 6 g/1 . 

The refractile bodies containing the IFN-£ serl7 protein were 
then isolated. The harvested material was concentrated about 5-10 
15 fold by circulating the harvest material under pressure through UF 
cross-flow filtration cartridges with a 103K molecular weight 
cutoff. Cells were disrupted by 3 passes through a Manton-Gaul i n 
high-pressure homogenizer at 6,000 to 8,000 psig. 

EDTA was added to the disruptate to a final concentration of 
20 5 mX. The suspension was then diafilte red against 5 volumes of 
deionized water. 

EDTA was then added to a final concentration of 2 mM. 
Octanol was added to U (v/v) to kill any residual live bacteria in 
the diafiltered product. The suspension was redisrupted by passing it 
25 twice through the Manton-Gaul i n high-pressure hc-v.Oyen 'tier at 6,CGG- 
8, 000. psig. 

Sucrose was added to the redisruptate to a final 
concentration of 23% (wt/wt), creating a final density gradient 
between 1.1 and i , 25 g/ml . The mixture was centrifuged at 10,000 to 
30 15,000 x g, and the particle pellet or paste was collected. A 
temperature of at least 2C°C was' maintained prior to and during 
centri f ugati on. i 
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The Darticlo pellet wa-s then solubilizsd in phosphate 
buffered saline with Z' SDS. Solid OTT and EDTA were added to a final 
concentration of 10 it/' and 2 m'-:, respectively. The suspension was 
heated to 50 t 5 °C for 10 r.inutes under nitrogen. The reaction 
5 mixture v;:s then cooleJ'tc a; -^roxinately 25 C C, and then the pH of the 
mixture was adjusted to 7.4. 

A volume of 2-butar.ol equal to the total volume of the 
suspension was measured. The suspension and organic solution were 
pumped separately but sirr.ul taneously at flow rates of 1,1 to 1.3 
10 liters per minute through a static mixer and then into a continuous 
centrifuge (Westfalia at approximately 11,770 xg) for phase 
separation. The 2-butar;cl -ri -:h phase containing Lne I FN- ? ser 1 7 was 
collected (Organic Extract). 

The 2-b'Jtmc 1 extract was mixed with 2.5 volumes of 0.1c SDS 
15 in phosphate-buffered saline. Solid DTT was added to a final 
concentration of 2 m". ' The pH of the organic extract/buffer solutions 
was adjusted to 6.2 +_ 0.1 with glaci,al acetic acid (.Acid Precipitate), 

The mixture was then centrifuged (Sha-ples centrifuge at 
13,200 x g) for approximately 2-6 hours, the supernatant was decanted, 
20 and the final pellet was then collected (Final Pellet) containing 
approximately 81c IFN-£. The final pellet containing the refractile 
material was then further purified by downstream processing. 

The final pellet was then re-suspended with 2^; SDS in 50 nX 
phosphate buffer and 5 mM EDTA. Solid DTT was added to a final 
z5 concentration of 20 mV,, and the pH was adjusted to 8.5 with NaOH. The 
suspension was heated to 50 5°C for 10 minutes under nitrogen, and 
then cooled to approximately 25°C. The pH was then adjusted to a pH 
of 5.5 with glacial acetic acid, and the solution was filtered through 
a 0.65 urn filter. 

30 The "filtrate was then processed by p re-col unn chromatography 

by loading a Sephacryl* S200 column and collecting fractions into 
clean, depy rogenated vessels using an elution buffer that is composed 
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f^l cf 50 r.V acetate, pK 5.5, 1 n 1 -' EDTA and 1?- SDS. The fractions 
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containing the IFK-£ r.onoT.er were pooled. 

The pre-col tjrr.n poc-1 was then concentrated by using a hollow- 
£ ! fib r -r ultrafiltration ur.it with a 10K rcolccular weight cut-off. 

i ; ; j 

~ i ' 5 The concentrated prc--cclunn pool was then oxidized using _o- 

^ --•"] i odesobenzoic acid (:£A). The oxidation was effected by adding 

I j * equimolar amounts of protein and IBA into a reaction vessel containing 

j. 2 niX sodium pyrophosphate, 0.U SCS and i mM EDTA. A 20 V M excess of 

1: r j IBA was present at the end of the oxidation. The pH was controlled at 

f ■ ■; -2 10 9.0 +_ 0.1 with Ma OH during oxidation, and adjusted to 5.5 0.2 with 

| ■ i glacial acetic acid when the oxidation was completed. 

V -> The IF?,* -3 protein was then, concentrated using a hollow-fiber 

t t 

£ * ultrafiltration unit with a 10K molecular weight cut-off. 

V i The protein was then loaded onto the main column (Sephacryl* 
k „J 15 S200-A), and fractions were collected into clean, depy rogenated 
I vessels using an elution buffer that is composed of 50 mM acetate, pH 

5.5, 1 mM EDTA and 0.1^ SDS. 

A SDS-PAGE was perfemed on samples from each fraction tube 
starting from the beginning of the peak to be pooled to the end of the. 
20 peak. Using the SDS-PAGE results, the fractions containing no high 
molecular weight contaminants were determined. Those fractions were 
then pooled. 

The main column pool was then concentrated by using a 
hollow-fiber ultrafiltration unit with a 10K molecular weight cut-off. 

2 5 The above procedure performed with the main column v:as 

repeated on a Sephadex* G-75 column. Using the SDS-PAGE results, the 
fractions containing neither low nor high molecular weight 
contaminants were pooled. 

The desalting step was then performed at pH 9.2 wherein 0.1% 
30 sodium laurate was used as a tranfer component as follows. The pH was 
adjusted with an appropriate basic agent such as ImM NaOH. 
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A Sephadex* G-25 column was the.n equilibrated with 0.1* 
sodiur. laurate in 10 jr. 1 ', Tris-HCl, pH 9.2 and loaded with the Sephadex* 
S-75 pool containing 0.K SDS. Using the process chmnatogram, the 

The pH of the eluate was then lowered 

ited the sodium 



=• quickly with 1.0 K KC2 to pH 3.0, which precipi 
laurate, but left the Ir!;-? seri 7 in solution. 

The mixture was centrifuged at 25,000 x c for 30 minutes and 
the supernatant was filtered through a 0.22 micron nitrocellulose 
filter. SDS concentration was assayed by acridine orange. [Sokoloff 
10 et al . , "Rapid Spectrophotometry Assay of Dodecyl Sulfate Using 
Acridine Orange," Anal. Biochem. , nS:138-Hl (19S1).] The recovery 
of the G-25 pool was above 85%, and the SDS concentration was reduced 
to less than 10 ug/ng. 

The filtered supernatant was the'-, stabilized by adding 0.15?; 
15 Trycol* LAL-12. The pH of the formulated product, was then raised to 
about 7.0 + 0.3 with N'aQK. The bulki ng.'stcbi 1 i zi ng agent, 5 ; - dextrose 
was then added. The solution was then pre-f i 1 tered and sterile 
filtered through 0.45 and 0.22 micron nitrocellulose filters, 
respectively. Immediately thereafter the correct dosage amounts of 
20 -the IFN-s sePl 7 0.25 mg containing .5 x 10 & units, we-e aseptically 
filled into sterilized vials with sterilized stoppers under sanitao' 
and sterile conditions that were carefully worn* t or* d. Tr.e vials were 
then quickly placed in a lycphilize- whe-c- appropriate thermocouples 
were attached. The vials were frozen to between -35 c and -45°C The 
25 lyophilization cycle was completed, and the vials were mechanically 
sealed under a vacuum. 



Example 2 

This example follows procedures similar to those outlined in 
Exar-ple 1 with the main difference being that sodiu-. laurate is 
30 employed as the primary sol ubi 1 i zi r.g agent rathe" tnar. S3T. Tie otnc- 
differences are indicated below. 
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|£| The procedures of this example correspond essentially to 

fl those outlined in Figures iA and 12. Therefore, at the point of paste 

S3 solubilization, instead of 2% SDS, 1-2% sodium laurate in 20 mM 

|| di sodium phosphate plus a reducing agent (50 m'-', DTT ) is used to 

. 5 solubilize the- particle pellet. The pH was adjusted to about 9 with 

I r ! N'cOri. So^ication is preferably cm pi oved to pro-n^te sclubiTt ration. 

jLj • Also, differing from Exanple 1, is the elimination after the 

v j first reduction of the steps of the expanded front-end process, 

including the Organic extraction, Acid precipitation, Centri f ugati on, 
10 Acid precipitate solubilization, and second Reduction. The buffer is 
f4 10 mV. Tris • HC1 rather than 50 rnM acetate fcr the gel chromatography 



steps on the Sephacryl^-' S200 columns and on the Sephadex* G-75 

column. Further, such gel chromatography is run at pH 9.2 rather than 
[ ; at pH 5.5, as are the Concentration steps. 

£vi 15 The elution buffer on the first S200 column contains 1-2% 

at i 

V| sodium laurate rather than lc SDS as in Example 1. The elution buffer 

j? "* cf the second S200 column contains 0.1-0.5^ sodium laurate rather than 

? j '0.1% SDS, and the buffer for the G-75 column contains 0.1 o .-C.5^- sodium 

laurate rather than O.U SDS. 



, 4 20 During the oxidation step, 1-2% sodium laurate is used 

rather than 0.1% SDS. 

% j As in Example 1, the in;-£ $erl7 is formulated by lowering 

f 4 the pH of the eluate to about 3, centrifuging and filtering to remove 

i j the precipitated sodium laurate, adding an effective amount of one or 

^ Li J ?S niorp biocompatible non-ionic polymeric detergents or a combination of 

such non-ionic detergents and another solubilizing agent; adjusting 
?..! the pH to about physiological pH, adding an appropriate 

V\ bulking/solubil izing agent, preferably dextrose ormannitol, pre- and 

: | sterile filtering the pool and immediately lyophilizing the 

3 0 form-jlated, neutralized product. 
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cf tnis example is 
ubstar.ti ally free of 



SDS- 



AM 
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Trc- p-oce^jrc c-tlir.ec i r ixc-.r'o 1 wherein sodium laurate 
v.; 3 used as a transfer car.por.e-t c- the G-25 desalting column was 
repeated using a Pharmacia K50 col urn (1700 ml. bed volume). Fifty ml 
of the G-75 eluate (approximately 3.64 mg/rr.l of IFN-s) was loaded on 
the K50 column equilibrated in O.i* sodium laurate in 20 mM sodium 
phosphate and run at pH 9.2. The recovery of the IFN-s was 68^, and 
the SOS level was less than 10 ug/mg of protein or less than 1 ppm. 
At pH 3, the IFK-i: was soluble with no detergent as shown by UV scan. 

Example 4 

The following IFN-s formulations were prepared according 
essentially to the procedure of Example 1 where 0.1% sodium laurate 
was used as a transfer component. No i bulking/stabilizing agents, 
however, were added to the formulations, and they were not 
lyophilized. Precipitation was checked visually and by UV scan. 
Table I shows the results. 
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TABLE I 

Durfax* SO/SOS O.li/200 -g/mg 
Polysorbate 

Regains soluble for days at neutral 
pH by UV scan. 

Trvcoi- LAL(!2)/Ko-alcol 0.1°. /0.05c 

P C 1 ( 12 ) lauryl ether/PEG(4G0) 
nonooleate 

Pepsins soluble for days at pK 7.0 by 
UV scan (20 ug/mg SDS). 

Triton* X305/Nopal col 0.1V0.05* 

C p H l7 phenyl (OCH 2 CH 2 ) 30 0H/ 
PlG(AOO) monooleate 

Remains soluble: overnight at pH 7.0 for 
days at pH 5,0 by UV scan. The 
detergent solution without IFN-f? is 
slightly cloudy (45 ug/mg SOS). 



Trycol ?: LAL{12) 



O.n PCE(12)lauryl ether 



Soluble a*i 6.5 and 6.0. Better UV scan 
at 6.0 (10 ug/ng SDS). 

Plurafac^ C-17 0.1*. modified cxyothylated 

straight chain fatty alcohol. 
Soluble at pH.6.0 for days* (10 ug/mg 
SDS) 



Example 5 

L'l tracentri f ucation Data 

Ul tracer.tri fugation is a simple method of detecting the 
presence of high molecular weight aggregates and oligomers in the 
formulations of the invention. Ul t racentri f ugati on was performed in a 
Beckman LS-70 using a type 70.1 Ti rotor. Five null 11 iter sample* oT 
the formulated product, lyophilized and reconstituted, were spun at 
55,000 rpm for one hour. The supernatant was measured by .absorbance 
at 280 nm. Said absorbance was then compared to that prior to 
centri fugation. Table II below shrws the comparative results of a 
number of formulations, some of which do not contain biocompatible 
non-ionic polymeric detergents and are inserted for comparative 
purposes. 
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TA5LE II 
'1 t "ccentn' f u c=i 



,t on 



r .J. rrrr. -- oj mi n . 



1 


» 

! 

J 






3 £ t; c 1 9 3 






„ A 2SQ 




Fe rcent 




■ 1 










- c * o ro 


After 


p x cr rwjc t- v 
1 • - - j 


*" 

i : 


? 


- 


1 . 25 


':■ H£A {hur.?.r, sc-rur. a i ;:ur7i n j 






1. 696 


.543 
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0. 1< 


SOS pH 7.5 






.257 


.233 


931- 
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Laurate pH 7.5 






.405 


.392 


96* 
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0. 1 < 
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.442 


105^ 
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.557 


.387 
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Plurafac- C-17 p-: 6. J 






. 530 


.456 


85" 


i. 






0.1? 


Trycol* pH 6.5 
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. 415 


87 \- 
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The IFN-5 fomjlatior.s listed in Table I and IFN-£ 
formulations with O.i::- sodium lau-ate at pH 7.5 and 1.25;- normal serum 
albumin were analyzed by SDS-page electrophoresis under non-reducing 
conditions. Further, a sample of the purified IFK-e eluate fror^ the 

25 G-25 pool that was unformulated was also tested as a control. The 
sodium laurate, Trycol* LAL ( 12 ) -J»opal col * , Plurafac^ C-17, and Trycol* 
LAL(12) did not look si gni r i cantly different frco the G-25 pool by 
SDS-page. There an extra band present in the Triton'- V305- 

Kcpelcol- and Durfax" SC'SIS-pcge results. However, a Western Set 

2 1 was performed which shewed th^t caic band z ' z ^. z\ :tain ^or . 
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Ixar^le 7 



:-d For—. jlations 



ve i 1 as c 0.1 1 a u ra t *: 
f crr.-jl ati en , wore stud- 
in 1.25?. dextrcsc. 
ul tracer.tri f ugati on data 
1 yopr.il i zed s arc pi es . 



"! - T t • - 



Ti3 listed in Table 1, as 
..25-. hur.an serun album* n 
sticn after f reeze-dryi ng 
a compilation of the 
relating to the dextrose-formulated 
The ul tracer.tri f ugati on procedure was as that 
described above in Example 5. Trycol* LM(12) at OA** concentration 
and at pH 6.5 did not appear to resclubilize I F N - 3 after 
lyophil ization. Higher concentrations of T*-ycol* L ( 12) were tested, 
and it was found that a concent rati c r . of 0.15"'.- Trycol- was able to 
solubilize IFN-£ at pM 7.0 with miner aggregation. 

Since somewhat lower pH values can be tolerated clinically, 
Trycol*- LAL(12) and Flurafac- C-17 were tested at pH 5.0 to see if 
lower levels of surfactants would solubilize IFN-- at this pH. UV 
scans show that both detergents were able to solubilize IFN-? at pH 
5.0, at concentrations as low as 0.01c. 
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TAGLE III 
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■or v. L voo-i 1 i zed 


Forrrjl at'- ons 




I./ i 
V } 


Simple 


. rO^Ore 


A,.- After 


« Recovery 


k J 










r- ! 
»- ! 

l i 






0.4£ = 


47 


!> ■! 




i . 225 


U. 9o J 




t ; 


7 rv c c 1 L AL v i 2 ) / !» op a 1 c c- 1 




0.453 


74 




0-jVvax*- SO/SOS 


C ' "* 


0.269 


42 




LAL ( 12 ) 


* ? 1 o 


0.245 


20 




\0.l% pH 6.5) 






70 




::■ 5| Ura f aC A c-17 (pH 6.0) 


0.551 


0.394 




HSA Formulation 


1.469 


0.814 


55 


; 1 


Starting pH 3.0 


0.329 


0.244 


75 


r 

* ■ 




Exanpl e 


8 





Recombinant IFN-- in formulations wit 1 ? 0.15; Trycol*- at pH 
15 7.0 were tried with other bu 1 k i ng /'stabi 1 i zi ng agents (non-reducing 
sugars) according to the formulation procedure of Example 1. However, 
in some cases, the f omul ati ons were no£ frozen, some were- frozen, and 
some were frozen slowly. Ul tracentri f uga ti cn was performed on such 
samples according to the procedure of Example 5. The test results are 
20 included as Table IV below. The results indicated that the different 
sugars had no effect on the solubility of IFN-5. However, the method 
of freezing the samples affected whether aggregates were formed. 
Freezing the samples quickly in dry ice and ethanol did not produce 
aggregates, while freezing slowing by placing the room- tenpe ra tu re 
25 samples in -20°C caused some degree of aggregation. 
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TABLE IV 
: .l trecentri f uGati on 









* TrycoT , 


pH 7.0, With Ye r 


iojs Sugars 


at 5i 






Sarnies 




Av^ Before A- 




% Recove 


5 


i 


H 2 2 (no None 
bulking egent) 


0.400 


0.357 


91.8 




2 


Manni tol 


None 


0.400 


0.370 


92.5 




3 


Sorbi tol 


None 


0.409 


0.378 


92.4 




4 


Dextrose 


None 


0.496 


0.*£4 


97.6 




5 


Inosi tol 


None 


0.403 


0.351 


87. 1 




' 6 


H 2 C 


Frozen 


0.3SS 


C.3S- 


99.0 




7 


M.anni tol 


Frozen 


0.412 


0.379 


92.0 




8 


Sorbitol 


Frozen 


U . J- 


J . .30 - 






Q 


Dextrose 


Frozen 


^ ■ j \. ■ * 


0.575 


96.3 


15 


10 


Inositol 


Frozen 


0.39" 


0.375 


94.5 




11 


Dextrose 


Frozen Slowly 




0.584 


89.0 




12 


Manni tol 


Frozen Slowly 


0.295 
Example 9 


0.249 


84.1 








Linear Von- Is c 


thermal Stabi 1 i ty 


Studies 





Al though 1 i near, 



isothermal stability studies (LN5) 



cannot ' predict the absolute long-term stability of a givt*n 
formulation, they are a useful tool in co-paring the relative 
stability cf different formulations and can be performed in a matter 
of days. Samples were prepared for the stability studies by 
chromatography on a 3-25 desalting column using 0.1% sodium laurate as 
a transfer component, as describee in Example I. All the -formulations 
tested for the * LKS studies included 5% manni tel and were 
lyophilized. Final container vials were kept at £ C C until submitted 



5 8 7 



88162888 



3 4 5 



©1988 



0 270 799 



a ."ield 

1 -v^ 



• - t /: . - - » ; _ *» r- , ' - c 7 q \ 





! 
i 


we re? 
..5 C C 


1 

V 

I: 


v as 


f ; 
1 > 

h 




jf 






v 2 - 





\d "i Zt* , and then sub-itte: 



v* e ■ j reduction es? v.- 



i - Jaw 1 W = . . 



, or day 3. 



10 



3 j re o s'lo.'.' 



•or 



.''5 st '.:■"*_.' results for roi — ^ l , high and low 
■-; t ; nrs c f IF\-y as '.^li as I» sodim 
' : v j" r : 1 indicates that 

= *:'-■-■ ::■ ' :- 1 : vc v.- :t:Ve t'-an the 

, t;:"-, str:*:- than the 

. - .••* d 0 SO " 3 --. 3 r : d : 2 J t " "* -> 1 j t " ; 0 n s . 

Fig-jre - co::;;.-."-j; t*:-r -e'ative sta-^it/ tn*-e-_- -.?.--:'toi 
fo r ~j • at i on 5 of t r o irsti-t i r ven t i or; The ?.::- 1 o s f: $C".e as that 
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Studies 

rurified as doc-zrited in Example 1 who rein SOS was 
frr-. p~r,l jry d.-.sal t*i r.g . on a 3-25 column rjn in 0.1* 

: scdium 1 aura to c5 a transfer exponent. Formulation with 

r^p resentati ve form;-! ants of the invention v.- as performed as described. 

For these toxicity studies, 8 mice (4 female and 4 male) 
were tested per formulation. The representative formulations tested 
each contained one of the sol ubi 1 i zer/s tabi 1 i zer compositions listed 

IC ir. Table I, supra , 5*. mannitol a r -d 0.25 mg/ml of IFN-f. All the 
f crmul ati ens were lyephilized and reconstituted in sterile water. 
Each animal was injected with 0.2 ml intravenously via a lateral tail 
vein. Additionally, four mice (2 female and 2 male) were injected 
with 0.2 r.l of excipient containing i.0"..- detergent. These toxicity 

15 studios resulted in no deaths and no weight change of the tested 
mice. S-^r. data confirm the oral toxicology reports submitted to 
applicants by the manufacturers cf representative non-ionic 
surfactants used in the formulations of the invention as noted above 
in the su~ ary of the invention. 

2 0 Example 11 

Timing of ~ornul ati on Steps 

The formulation step was performed the day after the 
desalting step employing sodium laurate as a transfer component on a 
G-25 column (see Example 1) was run and the sodium laurate was 

25 removed. The non-formulated IFK« was kept at pH 3 and at 4 degrees 
centigrade owrnight before formulation. Those formulations were 
compared to formulations made immediately after running the G-25 
column. Results indicate that running the G-25 desalting column 2- 
hours before the formulation does not increase the level c r 

30 aggregates. 
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When the G-25 column was run the day before, and IFN-3 kept 
.refrigerated over night at pH 3.0, and the formulations were 
neutralized to pH 7 four hours before lyophil ization, a 30% to 40c 
increase in the amount of aggregation was obtained when compared to 
5 samples that were neutralized immediately before lyophil izati on. The 
results below in Table V indicate that lyophi 1 i zati on timing for 
representative formulations of the invention is critical to the level 
of aggregation, Lyophil ization, immediately after neutralization of 
the IFN-s protein solution, results in very low levels of aggregates. 

10 TABLE V 

LYOPHILIZATION TIMING 

4 HRS. IMMEDIATELY 
TRITON X305/N0PALC0L 58% 92% 

PLURAFAC C-17 50% 85% 



1 5 Example 12 

Mannitol Versus Dextrose Formulations 

Table VI shows the results of ul tracentri f ugati on studies on 
5% mannitol, 2.5% mannitol and 5% dextrose formulations, respectively, 
wherein Trycol* 0.15% at pH 7 is the stabilizer/solubilizer. 
20 Ul tracentri f ugati on data of such formulations prepared according to 
Example I indicate that mannitol in some way appears to interfere with 
the solubility of IFN-s . Therefore, dextrose alone is considered to 
be a more preferred bulking/stabilizing agent than manm'tol alon» ^o^ 
the formulations of this invention. 
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Ul tracentri f ugati on 
Mannitol vs. Dextrose 

Trycol* 0.15% pH 7.0 
5% Mannitol 79.5% 

2.5% Mannitol 84.5% 

5% Dextrose 90.5% 

Example 13 



J LNS Studies of Dextrose- and Manni tol -Contai ni ng Formulations 

10 LNS studies were performed on representative formulations of 

the instant invention to compare dextrose versus mannitol as the 
bulking/stabilizing agent therein. Trycol®- LAL{ 12 ) IFN-s compositions 
prepared as according to Example 1 were formulated with 5% dextrose 
and 5% mannitol, respectively. The LNS results are presented in 
15 Figure 6. A comparison with a normal and high dose HSA formulated 
IFN-s formulation indicate that the non-ionic surfactant containing 
formulations of the invention are predicted to be at least as stable 
as the normal dose HSA IFN-s formulation. No difference in stability 
was observed between the mannitol- and dextrose-formulated 
20 compositions. 

Example 14 

This example shows the results of a representative screening 
process of this invention for candidate formulating agents. G-75 
purified IFN-B was eluted from a G-25 Sephadex column equilibrated in 
25 laurate buffer (phosphate) at pH 9.2. The sodium laurate was 
precipitated at pH 3 as described in Example 1. The soluble IFN-s was 
separated by centri f ugati on and added at pH 3 to the non-detergent 
stabilizer, glycerol, at a concentration by volume of 25%, and a non- 
ionic detergent, as indicated in Table VII below, at a concentration 
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of 0.01%. The pH of the solutions was then raised to 5. The 
chromatography was performed at room temperature. After the 
formulations were made, they were observed for any formation of a 
precipitate; the observations were recorded; and then the samples were 
5 kept at 4°C for 24 hours to several weeks. 

All samples were centrifuged according to the procedures of 
Example 5, and the amount of IFN-s remaining in solution was 
calculated based on A 2 3q. Aliquots for bioassay [by the cytopathic 
effect assay described by Steward, The Interferon System , p 17 (1981)] 
10 were taken at time = 0, 24 hours, 48 hours and one week. 

The results of such experiments are shown in Table VII and 
VIII. Table VII indicates that 96-100% of IFN-s formulated with 25% 
glycerol and 0.01* of the specified non-ionic detergent remains 
soluble. Table VIII shows the bioassay results for such samples. 
15 After formulation, all the samples maintained bioactivity over the 
course of one week at 4°C. , 

Table VII 



20 



Recovery of Protein in the Supernatant for Various Formulations 

Formulation Precipitation % Recovery by % Recovery by 

at 5 Minutes A 280 (24 Hours) A 280 (1 Week) 

All Samples in 25% Glycerol and 25 mM NaPQ4 

0.01% Trycol LAL-12, pH 5 0 100 96 

0.01% Tween 80, pH 5 0 100 105 

0.01% Pluronic F-68, pH 5 0 .97 102 
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Table VI 1 1 



0 Hours 


24 Hours 


48 Hours 


1 Week 


3.6 


0.5 


0.3 


0.9 


10.0 


10.5 


7.4 


4.5 


10.0 


9.7 


9.7 


4.1 



Specific Activity (CPE Assay) of Various Formulations (U/mg x 10 7 ) 

Sample . 
25% Glycerol , 
5 0.01% Trycol t pH 5 

25% Glycerol , 
0.01% Tween-80, pH 5 

25% Glycerol , 
0.01% Pluronic 
10 F-68, pH 5 

Example 15 

The example illustrates a number of different combinations 
of bulking/stabilizing agents for lyophilized formulations of IFN-R. 
The IFN-s used for this example was extracted and purified essentially 

15 according to Example 1, up to and including the point at which the 
IFN-s filtrate was stabilized by the addition of 0.15% Trycol* LAL- 
12. Then, 5% dextrose (wt./vol.) was added to a 10 ml aliquot of the 
IFN-fi stabilized filtrate, and the following combinations of 
bulking/stabilizing agents were similarly each added respectively to 

20 10 ml aliquots of the IFN-8 filtrate (all percentages are weight to 
volume concentration ratios): 0.1% dextrose/2% mannitol; 0.2% 
dextrose/2% mannitol; and 0.1% dextrose/2% glycine. The pH of each 10 
ml aliquot was then raised to about 6.0 with NaOH. The solutions were 
then pre-filtered and sterile filtered through 0.45 and 0.22 micron 

25 nitrocellulose filters, respectively. Then, the correct dosage 
amounts of the IFN-s serl7 (0.25 mg/ml ) were aseptically filled into 
sterilized vials with sterilized stoppers under sanitary and sterile 
conditions that were carefully monitored. 

The vials were then placed in a lyophilizer where 

30 appropriate thermocouples were attached. The lyophil ization cycle 
proceeded as follows: the temperature was lowered to -30°C at which 
temperature the vials were held for primary drying (under vacuum) for 
approximately 12 hours; and a two-stage ramp was performed wherein the 
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first stage was a 3°C/hour rise in temperature to 5°C at which 
temperature the vials were held for 12 hours, and wherein the second 
stage was a 3°C/hour rise in temperature to 15°C at which temperature 
the vials were held for 24 hours. The vials were then refrigerated at 
2° to 8°C until they were reconstituted with water for injection, 
added in a 1/1 ratio (vol. /vol-) and tested by ultracent ri f ugati on and 
UV scanning as described in Example 5, above. The ul tracentrif ugati on 
results are listed below in Table IX. 

Table IX 

IFN-s Formulated with 
Trycol® LAL-12 and Various 
Bulking/Stabilizing Agents 



Bui ki ng/S tabi 1 i zi ng Ul tracent ri f ugati on 

Reagents % (wt/vol . ) Recovery (%) 

5 * Dextrose 95% 

0.1% Dextrose/2% Mannitol 88°* 

0.2% Dextrose/2% Mannitol 89% 

0.1% Dextrose/2% Glycine 76% 



The plug appearance for each formulation was good. If a 
standard lyophilization procedure were performed, for example, a 
primary drying period at -30 °C for 12 hours followed by a 12°C/hour 
ramp to 15°C, the plug for the 5% dextrose containing formulation 
appears somewhat collapsed, although the ul tracentri f ugati on recovery 
and UV scan results are equivalent to that achieved with the above- 
described slow, two-stage ramp lyophil ization protocol. However, the 
plug appearance for the formulations, other than those containing 5% 
dextrose as the bulking stabilizing agent, lyophilized according to a 
standard protocol is the same as for that when a two-stage ramping 
protocol is employed. 
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The UV scanning results showed very little aggregation for 



and 0.2% dextrose/2* mannitol, as bulking/stabilizing agents; however, 
more aggregation was seen in the formulation containing 0.1* 
5 dextrose/2* glycine as the bulking/stabilizing agent, making it a less 
preferred bulking/stabilizing agent combination than the others 
tested. 



Concl usi on 

In summary, it can be seen that the IFN-s formulations of 
10 the present invention containing biocompatible non-ionic polymeric 
detergents screened according to the processes of the instant 
invention and a bulking/stabilizing agent are desirable pharmaceutical 
compositions. Said IFN-s formulations are at least as stable as HSA 
formulations, and do not contain significant amounts of aggregates. 
15 Improved formulation processes are also described herein which result 
in formulations having very low level of aggregates and other 
potentially immunogenic characteristics and minimal or no amounts of 
strong solubilizing agents, such as SDS. The formulations of this 
invention are further non-toxic and have good shelf life. 

20 Deposits 

As mentioned above, a culture of coli K12/MM294-1 

carrying plasmid pSY2501 was deposited .at the American Type Culture 

Collection 12301 Parklawn Drive, Rockville, MD 20852, US, on November 
18, 1983 under ATCC No. 39,517. 

25 Said deposit was made pursuant to a contract between the 

ATCC and the assignee of this patent application, Cetus Corporation. 
The contract with the ATCC provides for permanent availability of said 
strain and progeny thereof to the public upon issuance of a U.S. 
patent related to this application describing and identifying the 

30 deposit or upon the publication or laying open to the public of any 
U.S. or foreign patent application, whichever comes first, and for the 
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availability of the strain and the progeny thereof to one determined 
^ by the U.S. Commissioner of Patents and Trademarks to be entitled 

| thereto according to 35 USC §122 and the Commissioner's rules pursuant 

thereto (including 37 CFR §1.14 with particular reference to 886 OG 
5 638). The assignee of the present application has agreed that if the 
strain on deposit should die or be lost or destroyed when cultivated 
under suitable conditions, it will be promptly replaced upon 
notification with a viable culture of the same strain. 



) The deposit under the terms of the Budapest Treaty assure 

:: : j 10 that said culture deposited will be maintained in a viable and 

i 

uncontaminated condition for a period of at least five years after the 
most recent request for the furnishing of a sample of the deposited 

■ i microorganism was received by the ATCC and, in any case, for a period 

; of at least 30 years after the date of the deposit. 

: j 15 The culture was made available on May 21, 1985. 

1 Availability of the deposited strain is not to be construed as a 

j. ; license to practice the invention in contravention of the rights 

{ \ granted under the authority of any government in accordance with its 

t . patent laws. 

\ 20 Also, the present invention is not to be considered limited 

> ; in scope by the strain deposited, since the deposited embodiments are 

\ intended only to be illustrative of particular aspects of the 

] invention. Any microorganism strain which is functionally equivalent 

j to those deposited are considered to be within the scope of this 

\ 25 invention. Further, various modifications of the invention in 

£ ; addition to those shown and described herein apparent to those skilled 

* -j in the art from the preceding description are considered to fall 

^ \ within the scope of the appended claims. 

i 
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* Claims : 

1. A stable pharmaceutical composition of natter suitable 
for parenteral adnini strati on to animals or humans comprising a 
therapeutically effective amount of a recombinant interferon-6 protein 
5 dissolved in an inert carrier medium comprising as a 
solubi 1 izer/stabil izer an effective amount of one or more 
biocompatible non-innic polymeric dete r gents. 



2. A composition according to claim 1 wherein said carrier 
medium further comprises an additional solubilizing or stabilizing 

10 agent. 

3. A composition according to claim 2 which is either in 
liquid form or lyophilized. 

4. A composition according to claim 3 which is in liquid 
form and wherein said additional solubilizing or stabilizing agent is 

15 glycerol in a concentration (v/v) range of from about 5% to about 50% 
and said biocompatible non-ionic detergent is in a concentration (v/v) 
range of from about 0.0005% to about 5%. 

5. A composition according to claim 3 wherein said non- 
ionic polymeric detergent is a polysorbate compound having the 

20 formula: 

CH 2 (0C 2 H d ) a R 



■CH(0L 2 H4) X 0H 




L 



H0(0C 2 H 4 ) y ^ £ —(0C 2 H 4 ) 2 0H 



wherein the sum of the integers a, x f y arte z equals 20 and 
25 R is a fatty acid having from about 10 to aoout 20 carscn atoms; anc 
wherein said additional solubilizing or stabilizing agent is SOS in a 
concentration range from about 100 to about 173 ug/mg of the 
recombinant 1FN-B protein. 
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6. A composition according to claim 1 wherein said 
detergents are ethoxylated i 

fatty alcohol ethers and lauryl ether; octylphenoxy polyethoxy ethanol 
conDOunds; modified oxyethylated or oxypropyl ated straight-chain 
5 alcohols or both; polyethylene glycol monooleate compounds; 

polyoxyethyl ene sorbitan fatty acid esters; phenolic fatty alcohol 
ethers; or block copolymers of propylene oxide and ethylene oxide. 

7. A composition according to claim 6 wherein said 
detergents are: 

10 (a) a mixture of ethoxylated fatty alcohol ethers and lauryl 

ether comoounds having the formula: 



CH 3 .(CH 2 ) w .{0CH 2 CH 2 ) n -0H 

whe r ein n is a distribution from about 1 to about 30 and 
centering on n = 12, and w is a distribution from about 9 to about 17, 
15 containing a significant proportion of w = 11; 

(b) an octylphenoxy polyethoxy ethanol compound having the 

formul a : 

C 8 H 17-O" (0CH2CH2)m "° H 

wherein m is an integer between about 5 and about 60; 

20 (c) a mixture of modified oxyethylated or oxypropyl ated 

straight-chain alcohols or of both having the formula: 

H-{0CH 2 CH 2 ) -(0CH 2 CH 2 CH 2 ) -{CH 2 5 r -OH 

wherein p is an integer between about 1 and about 10; q 
is zero or an integer between about 1 and about 10; and r is an 
25 integer between about 6 and about 14; 
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(d) a polyethylene glycol monooleate compound having the 



formul a : 



H H 



0 



n 



CH 3 -(CH 2 ) 7 -C = C-(CH 2 ) 7 -C-0-(CH 2 CH 2 0) s -H 



wnerein s is an integer between about 1 and about 10; 
(e) a polyoxyethyl ene sorbitan fatty acid ester having the 

f ormul a : 



wnerein the sun of the integers a, x, y and z equals 20 
and R is a fatty acid having from about 10 to about 20 carbon atoms, 
(f). a phenolic fatty alcohol ether having the formula 



wherein v is an integer between about 10 and about 200; or 
(g) block copolymers of. propylene oxide and ethylene oxide 
which are Pluronic polyols. 

8. A composition according to claim 1 wherein the 
25 concentration (v/v) range of said non-ionic detergent is from about 

0.005% to about 5%. 

9. A composition according to claim 8 further comprising 
sodium dodecyl sulfate in a concentration of from about 100 to about 
200 ug/mg of IFN-3. 



CH 2 (0C 2 H 4 ) a R 



15 




20 




599 




88162888 



3 5 7 




2~KWt£NT PUBLIC A 



3NS CTD 



10. A composition according to claim 3 which is lyophilized 
and reconstitutabl e and wherein said inert carrier medium further 
comprises a buffer and a bulking/stabilizing agent wherein said buffer 
is at a concentration range of from about 1 to about 50 mf1 and is 

5 acetate or phosphate; and said bulking/stabilizing agent is 

dextrose alone at a concentration (v/v) range of from about 1% to 
about 10%; a combination of dextrose at a concentration (v/v) range of 
from about 0.1% to about 5% with mannitol at a concentration (v/v) of 
from about 0.5% zo about 5%; a combination of dextrose at a 

10 concentration (v/v) range of from about 0.1% to about 5% with human 
serum albumin at a concentration (v/v) range of from about 1% to about 
5%; or human serum albumin alone at a concentration (v/v) range of 
from about 1% to about 5%. 
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FIG. IA 
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Oxidation 
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i 



hocnogenlzatlon 
5 nM EDTA 

2 EDTA; IX octanol (v/v); 
homogenization 

15-23X sucrose (w/w) 

10,000 - 15,000 xg 

1-2X sodium laurate, 20 nM phosphate 
buffer, 50 irM DTT, pH 9-10 (with 
soni cation) 

10 DTT; 1-2X sodium laurate; 
2 bM EDTA; pH 9; heat to 50°C 
for 10 m1n. under nitrogen; cool 
to about 25°C 

10 mM Tr1s • HC1 ; pH 9.2; 1-2S 
sodium laurate; 1 nM EDTA 

Iodosobenzolc acid (IBA) equlrnolar; 
protein: IBA; 1-2X sodium laurate; 
2 rrM sodiisn pyrophosphate; pH 9; 
1 nM EDTA 

pH 9.0 

10 jtM Tr1s • HC1; pH 9.2; 
0.1-0.5X sodii/ra laurate: 1 frN EDTA 
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FIG. IB 
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25°C; adjust pH to 7.4 with 
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2-butanol /suspension (v/v) 

pH 6.2; 2 nM DTT; 0.1% SDS 

10,000 - 15,000 xg 

2% SDS; 5c3 EDTA; 50 nM 
phosphate buffer 

20 nM DTT; pH 8.5; heat to 50° 
for 10 mln. under nitrogen; cool 
to about 25°C 

50 nM acetate; pH 5.5; 1% SDS; 

1 nM EDTA 

Iodosobenzolc add (IBA) equicolar; 
protein: IBA; 0.1% SOS; 

2 nM sodium pyrophosphate; pH 9; 
1 nM EDTA 

pH 5.5 

50 nM acetate; pH 5.5; 0.1% SDS; 
1 nM EDTA 
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FIG. 2B 



Concentration 
Sephadex* G-75 column 

Sephadex* 6-25 column 
pH Adjustment 

Cent rifugat Ion and 
Filtration 

Stabilization 

Neutralization 

Polyol addition 

Pre-f iltratlon 

Sterile filtration 

Lyoph1l1zat1on (Immediate) 

Final Container Product 



50 mM acetate; pH 5.5; 0.1% SOS; 
1 sM EDTA 

0.1% sodium laurate (transfer 
component) 1n 10 mM Tr1s-HCl, 
pH 9.2 

pH of eluate lowered quickly 
with 1.0 « HC1 to pH 3; sodium 
laurate precipitates 

To remove the precipitated sodium 
laurate 

0.1% Plurafac C-17 added 

pH raised to between 6.0 and 7.2 

5% dextrose 

0.45 uM 
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